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Eight scale characters of known hatchery and wild coho salmon
(Oncorhynchus kisutch) were compared, and a linear discriminant
function was used to determine if hatchery and wild adult coho
salmon could be correctly identified by their scales.Eighty-two
percent of the hatchery and 890 of the wild fish were correctly
identified.Based on analysis of scales from adult salmon of
unknown origin (hatchery or wild) and the estimated catch of
hatchery coho (marked) taken by the Oregon sport fishery, I
concluded that 74.9% of the fish caught in the ocean from mid-June
to mid-September 1977 had been released as smolts from hatcheries.
Percentages of hatchery fish in the catch ranged from 85near the
mouth of the Columbia River to 61% at Winchester Bay on the southern
Oregon coast.Fisheries on the south and central Oregon coast may
have fished on higher percentages of wild coho salmon later in the
season, probably because wild fish from coastal streams remained
off of these ports while most fish destined for Columbia, River
hatcheries had already migrated northward.Scales from coho salmon were used to determine if location on
the body from which they were taken would affect the values of five
scale characters.Scales obtained from within a relatively small
area above the lateral line between the dorsal and adipose fins
differed widely in total radius, in radius of the freshwater zone,
and in number of circuli in the freshwater zone.Scales taken
farther above the lateral line had significantly lower values for
all five characters observed. Iconclude that substantial error
can be introduced into interpretation of scale data if care is not
taken to insure that scales from each fish come from precisely the
same area of the body.A well chosen scrape sample yielded a
result as satisfactory as that of a "preferred" or "key" scale.
To investigate the relationship between streamflow and abun-
dance of coho salmon, Icorrelated flow from several Oregon coastal
rivers with catch of coho salmon from these rivers and with catch
from the Oregon commercial troll fishery. Ifound a highly signifi-
cant relationship between total streamflows during the freshwater
residency of the fish for five Oregon coastal rivers combined and
pounds of adult coho salmon caught by the Oregon commercial troll
fishery from 1942 to 1962.There is also a significant relationship
between total combined annual (January-December) flows for these
rivers and a catch 2 years later. Conversely, Ifound a poor
relationship between the lowest 60 consecutive days of summer flow
and 2 two years later. Ialso found significant relationshipsbetween annual flows and catch in Tillamook Bay from 1934 to 1946.
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Ifound should probably not be used now to predict abundance of
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GENERAL INTRODUCTION
At a recent meetingl, biologists discussed current problems
with the coho salmon stocks and fisheries of Oregon.The three
main concerns were:1) the catch of coho salmon is not rising
with increased production of smolts from hatcheries; 2) the wide
yearly fluctuations in catch; and 3) the reduced escapement of
wild fish.
While returns of adult coho salmon are no longer keeping
pace with increased production of smolts from hatcheries (personal
communication, Earl Pulford), reasons for this result are unclear.
Oregon Department of Fish and Wildlife biologists suggested that
the large numbers of hatchery smolts released are exceeding the
carrying capacity of estuarine or ocean rearing areas. Itis
also possible that decreased fitness (genetic or physiologicalin
origin or both) of hatchery smolts may be lowering survival.
Another explanation offered was that the lower catch per smolt
released in recent years may reflect the lowered contribution of
wild fish.Abundance of wild fish may have declined from inade-
quate escapement because of overfishing of mixed hatchery and
wild stocks, environmental degradation, or both.
1
Salmon Task Force Meetings, March 11-12,1978, Oregon State
University, Corvallis, Oregon.2
In Chapter 1of this thesis, Iaddress this last possibility,
that of lowered contribution of wild fish, by using scales to
estimate contribution of wild and hatchery coho salmon to the
Oregon ocean sport fishery.A comparison is also made between
the estimated past and present abundance of wild fish.Spatial
and temporal distribution of wild coho salmon caught in the ocean
and the potential for selectively harvesting stocks are discussed.
Chapter 2 of the thesis, an analysis of variability of scale
characters with sampling location on the body of coho salmon, has
application to methods used in Chapter 1.
The low catch of coho salmon in 1977, following the record
high catch of 1976, has drawn concern from biologists about
causes of wide yearly fluctuations in catch.Chapter 3 of the
thesis addresses this general problem, wherein Ianalyzed how
streamflows historically affected abundance of wild coho salmon.
The approach used is to relate streamflows from Oregon coastal
rivers to catch of coho salmon by offshore and terminal fisheries.3
CHAPTER 1.Contribution of Wild and Hatchery Coho Salmon (Oncorhynchus
kisutch) to the Oregon Ocean Sport Fishery.
INTRODUCTION
The coho salmon (Oncorhynchus kisutch)is the most abundant
species of salmon contributing to Oregon's commercial troll and
ocean recreationalfisheries1,2.Numbers of this species caught
commercially in Oregon have historically fluctuated widely.
Catches from 1952 to 1962 averaged 292,000 fish and ranged from
551,000 fish in 1957 to 112,000 fish in 1960.Numbers of coho
salmon caught after 1962 increased generally and averaged 860,000
fish while ranging from 1,827,000 fish in 1976 to 450,000 fish in
1977.Catches by the Washington and California troll fisheries
have also increased in recent years (Wright 1976; Pacific Fishery
Management Council 1978).This rise in catch has been attributed
to increased production by federal and state hatcheries of larger
and healthier smolts (Reed 1976; Pacific Fishery Management
Council 1978).
Increased abundance of coho salmon has coincided with and
partly led to a substantial sport fishery in the ocean off Oregon.
The number of coho salmon caught in the ocean by sport fishermen
1Most adult coho salmon caught off Oregonare age 1.1, where
numbers left and right of the decimal indicate number of freshwater
and marine annuli on the scales, respectively.Fish aged 1.1
are in their third year of life.
20regon Department of Fishand Wildlife 1977.Unpublished statistics.has been fairly stable in Oregon since 1964 but has increased
rapidly in Washington since the early 1960's (Phinney and Miller
1977; Pacific Fishery Management Council 1978).
The commercial catch of coho salmon in the Columbia River
rose abruptly beginning in 1964 compared to previous years of low
catch (Oregon Department of Fish and Wildlife and Washington
Department of Fisheries 1976).This rise has also been attributed
to increased production and improved health of smolts from Columbia
River hatcheries as indicated by return of adult fish to these
facilities (Korn 1977).About 80% of the smolts being released
in California, Oregon, and Washington (excluding Puget Sound)
originate from Columbia River hatcheries.
The releases of large numbers of coho salmon smolts in
California, Oregon, and Washington have led to expansion of the
commercial and sport fisheries and a concurrent increase in
harvest rate for coho salmon in the ocean (Reed 1976; Wright
1976; Phinney and Miller 1977).In 1968 and 1969, catch to
escapement ratios of 6.9 and 10, respectively, were estimated for
hatchery stocks from the Columbia River (Wahle et al. 1974).
Since these intense fisheries harvest both hatchery and wild
fish, biologists have expressed concern about the ability of wild
stocks of coho salmon to maintain themselves.Because hatchery
fish generally have a higher survival rate in freshwater than
wild fish, hatchery stocks can withstand higher fishing mortality.
Potentially compounding the problem of over-harvest of wild fish5
are private hatcheries that are projecting large releases of coho
salmon smolts (Cummings 1977b).Such releases may stimulate
greater fishing effort and lead to even higher rates of catch on
wild salmon in the ocean.
While total releases of coho salmon smolts from public
hatcheries and catch have been increased, indices of escapement
of wild fish suggest that numbers of wild coho salmon spawning
have decreased (Cummings 1977a). Ianalyzed counts of spawning
salmon from reflected areas of eight Oregon coastal streams from
1964 to 1974 and found that counts of adult salmon have declined
significantly on the Nestucca (p<.01), Alsea (p<.01), Yaquina
(p<.05), and Coquille (p<.05) rivers and Beaver Creek (p<.05),
but no significant trends were observed on the Nehalem, Wilson
and Coos rivers.For all spawning areas combined, the conclusion
is that overall escapements are declining on coastal rivers
(p<.01) (Berry 1975; Cummings 1977a).The escapement of wild
fish is also declining in the lower Columbia River (Oregon Depart-
ment of Fish and Wildlife and Washington Department of Fisheries
1976).Lowered escapements do not necessarily imply lower wild
smolt production from these streams. The difficulty of defining
and identifying adequate escapement of salmon for coastal river
systems has prevented management agencies from evaluating the
effectiveness of existing regulations.
Management agencies do not know how many wild fish are
caught in Oregon's troll and sport fisheries,even though they6
strongly suspect there are fewer wild fish in the catch now than
10 years ago.If they had a way of determining the number of
hatchery and wild fish contributing to Oregon's fisheries, they
could recommend future management strategies according to the
needs of either stock.Also, if they could distinguish hatchery
and wild fish caught in the fisheries through time and space,
they could determine the potential for differentially harvesting
the stocks.
Scales are a logical choice for separating hatchery and wild
coho salmon. Scales have been used to differentiate stocks of
salmon in rivers (Henry 1961), and for classifying mixed stocks
of salmon caught on the high seas to continent of origin (Tanaka
et al. 1969; Mosher 1963; Anas and Mural 1969).A fairly recent
review of the use of scales for identification of stocks of
salmon is givenin. Major et al. (1972).Peck (1970) attempted to
differentiate between hatchery and wild juvenile coho salmon
using several scale characters.He concluded that radius measurements
of the freshwater zone did not provide a means of distinguishing
between mixed stocks of hatchery and wild coho salmon, although
circulus counts were a potentially valuable character for differ-
entiating between the two groups.He rejected the use of freshwater
radius measurements because, although measurements of mean scale
radius differed significantly between hatchery and wild fish,
there was also a significant relationship between geographic
location of sampling and radius of scales.His results were7
encouraging since there were significant differences between
hatchery and wild fish for several of his scale characters.
In Peck's (1970) study, it was apparent that well over one-
half of the juvenile hatchery and wild fish could be classified
correctly.Furthermore, a tendency for the largest wild smolts
to return as jacks and poor survival to adulthood of the smallest
hatchery fish would leave returning adults from these smolts with
less overlap in freshwater radius and circuli than found in the
juveniles prior to seaward migration.Consequently, Ielected to
attempt separating hatchery and wild coho salmon caught in the
Oregon ocean sport fishery by measuring and counting characters
of scales taken from adult fish.
My objectives were:1) classify unmarked coho salmon caught
in the ocean by the Oregon sport fishery as being hatchery or
wild fish, and 2) determine the percentages through time and
space of hatchery and wild fish contributing to this fishery.My
null hypothesis was that fewer than 25% of the coho salmon contributing
to this fishery originated from natural spawning and rearing.8
MATERIALS AND METHODS
Scales from coho salmon of known hatchery origin, identified
by missing adipose fins, and scales of unmarked salmon of unknown
origin were collected from adult fish captured in the ocean by
sport fishermen from mid-June to mid-September 1977 by personnel
of the Oregon Department of Fish and Wildlife.Samples were
collected weekly from eight coastal ports:Hammond, Garibaldi,
Depoe Bay, Newport, Winchester Bay, Coos Bay, Gold Beach, and
Brookings (Fig. 1). Ioriginally requested 20 and 50 scale
samples per week per port from adipose clipped and unmarked coho
salmon, respectively. Iobtained only 238 samples from adipose
clipped fish and 2,397 samples from unmarked fish because of the
extremely poor catch of coho salmon in 1977 (Table 1).Ten to 15
scales were removed from the left side of each fish, one to four
rows above the lateral line between the dorsal and adipose fins.
Scales were placed in small paper envelopes on which the port,
date of collection, and presence or absence of an adipose fin
were recorded.
Ihad planned to collect scales from wild coho salmon of the
1974 brood on the spawning grounds.Partly because of the apparent
poor survival of this year class few wild fish were available on
the spawning grounds of the streams surveyed. Ihad to use wild
fish of several different brood years to increase my sample.
Geographic location, brood year, and number of scale samples used
in my subsequent analysis are shown in Table 2.HAM MON D
GAR I BALDI
DEPOE BAY
NEW PORT
WINCHESTER BAY
COOS BAY
GOLD BEACH
BROOKINGS
Figure 1.Ports where coho salmon were sampled for scales in 1977.10
Table 1.Number of marked and unmarked coho salmon sampled for
scales at each port in 1977 by Oregon Department of Fish and
Wildlife. In parentheses are number of scales used in discriminant
function analysis.
Port Marked Unmarked
Hammond 8 (5) 393(356)
Garibaldi 57(43) 223(188)
Depoe Bay 79(64) 578(516)
Newport 45(33) 452(412)
Winchester Bay 37(24) 443(331)
Coos Bay 12 (9) 187(165)
Gold Beach 0 35 (30)
Brookings 0 86 (56)
Total 238(178)a 2,397(2054)a
aBecause of scale damage and regeneration and because scales from
jacks (coho salmon caught in their first summer in the ocean) were
not analyzed, only 178 scale samples from marked fish and 2054
samples from unmarked fish were used.
Table 2.Origin of scales of wild fish including brood year and
number of scale samples from each geographic location used in
discriminant function analysis.
Brood Number of
River system Location year samples
Necanicum Clatsop Co., 1974 3
Oregon
Salmon Lincoln Co., 1973 45
Oregon
Salmon Lincoln Co., 1974 16
Oregon
Alsea (Flynn Lincoln Co., 1962 7
Creek) Oregon
Alsea (Flynn Lincoln Co., 1963 32
Creek Oregon
Alsea (Needle Lincoln Co., 1963 27
Branch) Oregon
Alsea (Deer Lincoln Co., 1963 28
Creek) Oregon
Coos and Coos Co., 1974 4
Coquille Oregon
Total 16211
Two non-regenerated scales, from each sample, were mounted
on gummed cards, and acetate impressions were made by methods
similar to those described by Clutter and Whitesel (1956). In
mounting the scales, Imade a conscious effort to select the
largest non-regenerated ones within each sample.Scale impressions
were read with the aid of a projector at a magnification of 80X.
Based on Peck's (1970) analysis of scale characters of
hatchery and wild smolts of coho salmon and on my own analysis
and observations of scale characters from known wild adult fish
and those from three Oregon hatcheries, Iselected eight characters
that Ibelieved potentially usefulin separating hatchery from
wild fish (Table 3).My selection of characters was based on the
assumption that the freshwater rearing environments for hatchery
and wild coho salmon are distinctly different and major differences
between the two groups, at least those which could be seen from
scales, would be manifest during this period. Ireasoned that
although growth in the ocean of hatchery and wild fish of a given
stock could be different, interstock variability would prevent
accurate classification of fish.12
Table 3.Description of scale characters measured or counted in this
study from known hatchery and wild coho salmon.
Character Description
1 Radius of pre-ocean zone at 20° ventral to the
longest axis.
2 Number of circuliin the pre-ocean zone at 20°
ventral to the longest axis.
3 Distance between circuli 1and 5 of the pre-ocean
zone at 900 ventral to the longest axis.
4 Distance between circuli 1and 10 of the pre-ocean
zone at 90° ventral to the longest axis.
5 Distance between circuli 1and 15 of the pre-ocean
zone at 90° ventral to the longest axis.
6 Radius of pre-ocean zone at 90° ventral to the
longest axis.
7 Number of circuliin pre-ocean zone at 90° ventral
to the longest axis.
8 Number of broken or branched circuli within pre-
cisely defined zone 90° ventral to the longest axis
(see Materials and Methods).
Iselected pre-ocean radius and pre-ocean circulus counts
based on results of Peck (1970) and on data on weights of smolts
being released by hatcheries of the Oregon Department of Fish and
Wildlife (1977).Most hatchery-reared smolts are over 25 g when
released.In contrast, wild smolts averaged under 12 g in March
and 20 g in May to June when sampled from the Sixes River estuary
in 1969 (Reimers 1971).Wild smolts sampled from Deer Creek from
1959 to 1962 were generally under 10 cm in length (Chapman 1965),
and based on the length-weight relationship, average weight was13
under 15 g.Smolts in Gnat Creek averaged 15 cm in length and
15.4 g at migration in 19623.Even assuming rapid growth and a
lower condition factor for wild smolts during their movement
downstream in spring, wild fish appear smaller in length and
weight than most smolts currently being released by Oregon's
hatcheries. Because radii of scales and number of circuli appear
to be well correlated to length of fish, they are logical selections
for scale characters to use in separating hatchery and wild fish.
Variable life histories of hatchery and wild fish, such as
amount of spring growth in freshwater and amount of estuarine growth,
had potential for causing difficulties of interpretation since 1
was dealing with many different hatchery and wild stocks of coho
salmon.Some scales had no "plus" or estuarine growth (Anas and
Murai 1969) while others had substantial amounts.Since Ihad
the least difficulty locating the beginning of ocean growth, I
chose to measure total freshwater growth plus any spring and
estuarine growth, and call that distance the "pre-ocean" zone. 1
chose to measure pre-ocean radius rather than radius to the first
check, or to the beginning of "plus" growth because Icould
identify the pre-ocean zone on scales, whereas studies by Peck
(1970) showed that checks could be easily misinterpreted. 1
wanted a minimum of subjective interpretation in my scale reading.
The three spacing characters, 3 through 5 (Table 3), were
chosen to observe if the plentiful food supply of hatchery coho
Willis, R. A.1962.Gnat Creek weir studies. Oregon Fish Comm.
Unpublished.71 pp.14
salmon would yield different spacing of circuli than that observed
for wild fish. Imeasured these characters at 90° to the longest
axis of the scale because breaking and branching of circuli is
least at that angle but increased at lower angles to the longest
axis.The minimal breakup allowed reliable measurements of the
characters.Because of reabsorption of the scale at the outer
edge of the pre-ocean zone, Iconsidered pre-ocean radius and
circulus counts along this axis less reliable than at 200.
Character 8, number of broken or branched circuli, was used
to determine if circuli of hatchery fish were more or less branched
than circuli of wild fish. Ipostulated that regular feeding by
hatchery fish would result in less breaking and branching of
circuli.For this character an acetate sheet with thin parallel
lines 1cm apart and a dotted line parallel to and midway between
these lines was used as a guide.A small point at the end of the
dotted line was placed at the center of the focus of the scale
and the dotted line extended outward at 90° ventral to the longest
axis.The two solid outer lines then enclosed a rectangular
area.Within this area, Ienumerated circuli 5 through 12 inclusive
in the pre-ocean zone of the scale and recorded how many of these
circuli were broken or branched.
Only scales which had one or more ocean annuli were read,
thereby excluding jacks (ages 1.0 and 2.0).Fewer than 0.5% of
the fish were age 2.1, and the scales indicated that the fish
grew slowly in their first year of life.These scales were
assumed to be from wild fish.15
The eight characters in Table 3 were measured and counted
from scales of known hatchery fish (Table 1) and known wild fish
(Table 2).Although Ioriginally had scales from 238 adipose
clipped fish, it was necessary to exclude those scales from which
Iwas unable to obtain all eight characters in order to use
discriminant function analysis.My total sample of known hatchery
fish was, therefore, 178 and my sample of wild fish 162.Of the
2,397 scale samples collected from unmarked fish, Ifound only
2,054 useable; the rest were regenerated, damaged, or were from
jacks.
Wild and hatchery fish were assumed to have good numbers of
regenerated scales, most of which were regrown because of scale
loss during freshwater rearing.If wild fish tend to lose more
scales because of their more rigorous rearing environment in
freshwater, actual numbers of wild fish will be underestimated
slightly.
Measurements of scales from known hatchery and wild fish
were subjected to discriminant function analysis, which reduced
all characters for each scale to a single value and then, through
a linear model, classified the scales as hatchery orwild (Nie et
al. 1975).Assumptions of this analysis are that data are multi-
variate normal and have common variance-covarance matrices.
Plotting the data for each of the eight characters individually
shows that only character 8 deviates somewhat from normal.
Although normality of individual characters does not imply joint
normality, it suggests that the data conform fairly well with16
the assumption to multivariate normality.In my analysis, Ialso
assumed the data had common variance-covariance matrices.
The observed percentage of hatchery coho salmon in the
unmarked sample was corrected for those fish of wild origin
incorrectly classified as hatchery fish, and hatchery fish incorrectly
classified as wild fish.That is
H* =H-Hx
Hw (I)
and W* = WWxWh (2)
where:
H' is the actual number of hatchery fish; W* is the actual number
of wild fish; His the original, uncorrected number of hatchery
fish; W is the original, uncorrected number of wild fish; Hx is
the number of fish classified as hatchery, but were actually
wild; Wx is the number of fish classified as wild, but were
actually hatchery; Hw is the number of fish which were actually
hatchery fish, but were classified as wild fish; and Wh is the
number of fish that were actually wild fish, but were classified
as hatchery fish.
We also know that
p H* = Hw (3)
where p is the fraction of hatchery fish misclassified, and
q W*Wh (4)
where q is the fraction of the wild fish misclassified.Since we
have only two classes of scales, hatchery and wild,
Hx = Wh (5)
and W= H (6). x w17
Substituting from equations (3) through (6)into equations (1)
and (2) and rearranging:
H = (H*pH*) + qW* (7)
and W = (W*qW*) + pH* (8).
With H, W, p, and q known, we can solve for H* or W*.The adjusted
percentage of hatchery fish in the catch, TP, is equal to H*/T,
where T is the total number of fish classified.Anas and Murai
(1969), used this procedure for adjusting for misclassifications,
based on Worland's (1960) formula.18
RESULTS
All eight of the characters selected were useful to varying
degrees in discriminating fish of hatchery and wild origin (Tables
4, 5).In a stepwise analysis, the eight characters best separated
hatchery and wild fish when entered in the order 1-8-3-2-5-4-7-6.
Pre-ocean radius at 20° (character 1) was the most efficient in-
dividual character for separating hatchery and wild fish.Pre-
ocean radius at 20° is generally larger for hatchery fish (Table
6).
Character 8, the circulus breakup character, while individually
the worst of the characters at discriminating between hatchery
and wild fish, was second best in the stepwise analysis because
of low correlation with character 1.Character 3, pre-ocean
circulus count at 20°,is more highly correlated with character 1
and is entered after character 8.
The most efficient and successful way of separating hatchery
and wild fish was to use character 1, pre-ocean radius at 200, by
itself (Table 4). While characters 1,3 and 8 in combination
would do as well, there would be no benefit to their use except
that a slightly higher percentage (1.1%) of hatchery fish would
be correctly classified at the expense of a lower percentage
(1.2%) of wild fish correctly classified.19
Table 4.Combinations of scale characters to which discriminate function
analysis was applied and effectiveness at classifying fish as to wild
or hatchery origin.
Character
Percentage correctly classified
Hatchery Wild Total
1 81.5 88.9 85.0
2 69.7 82.1 75.6
3 74.7 72.8 73.8
4 69.1 81.5 75.0
5 75.3 75.3 75.3
6 78.7 85.8 82.1
7 70.2 69.1 69.7
8 68.0 65.4 66.8
1, 8, and 3 82.6 87.7 85.0
iand 2 79.8 88.9 84.1
1through 8 82.6 87.0 84.7
1, 8, 3, 2, and 5 81.5 87.0 84.1
Table 5.Combinations of scale characters and their discriminate
functions.
Character
Variable
name Linear discriminate function
1 VI L =1.00000(V1) 5.13676
2 V2 L =1.00000(V2) 26.3441
3 V3 L =1.00000(v3) 0.96824
4 v4 L =1.00000(V4) 1.65971
5 V5 L =1.00000(V5)- 2.39676
6 v6 L =1.00000(v6) 4.41941
7 v7 L =1.00000(V7) 22.8279
8 v8 L =1.00000(v8) 1.78824
1,8, and 3 L =-1.14993(V1) 0.24186(V3) + 0.21314(V9)
1and 2 L =1.12294(V1)+ 0.67850 E-02(V2)
5.94705
1through 8 L = -0.742709(V1) 0.424118 E-01(v2)-
1, 8, 3,
2, and 5
1.06873(v3) +0.586246(x4) -1.11188(v5)
+0.293624(v6) 0.623942 E -01(V7)
+ 0.122203(V8) +7.56729
L = -0.680923 (vi) -0.581297(v2)
0.806075(v3)- 0.548315 (v5)
+0.122607(v8) + 6.9045220
Table 6.Means and standard deviations of scale characters from
hatchery and wild fish used in discriminate function analysis.
Characters 2 and 8 are counts; all others are centimeters times 80.
Character Hatchery Wild
1
2
5.92 + 0.95
29.21 + 4.96
4.28 + 0.77
23.20 T 3.61
3 1.06f- 0.17 0.87 + 0.17
4 1.80 71- 0.27 1.5171-- 0.24
5 2.59 + 0.36 2.19 -I- 0.33
6 4.95 + 0.76 3.83 71-- 0.61
7 24.56 + 3.54 20.93 -1": 2.88
8 1.22 -i-1.28 2.41 + 1.83
Since pre-ocean radius at 20° was the most useful character
for discriminating adult hatchery and wild coho salmon, this
character was measured from scales from 2,054 unmarked coho
salmon.Once Ihad classified scales from unmarked fish as
hatchery or wild, 1weighted how many unmarked fish were landed
at each port during 2-week periods (sampling strata) for the
season by my estimated percentages of hatchery and wild fish for
that strata.The estimated catch of known marked fish was then
added to the unmarked hatchery fish to find the total number of
hatchery fish caught in that strata.The number of coho salmon
landed and catch per angler-day by 2-week period from mid June to
mid September 1977 for eight Oregon ports is shown in Table 7.
Because of the small number of scales available for unmarked
fish for several strata, Icombined 2-week periods for a given
port where necessary to obtain a sample of at least 50 fish.
Small sample sizes necessitated combining samples for Brookings
and Gold Beach.Table 7. Number of coho salmon landed and catch per angler day (in parentheses) by Oregon
sport fishery by port in 1977.Data are for 2-week periods from 15 June to 15 September.
Period
Port 6/16-6/30 7/1-7/15 7/16-7/31 8/1-8/15 8/16-8/31 9/1-9/15
Hammond 5,548 10,058 12,701 11,810 5,056 1,845
(1.34) (1.33) (1.35) (0.88) (0.45) (0.36)
Garibaldi 217 859 2,285 1,438 1,625 279
(0.16) (0.28) (0.45) (0.24) (0.28) (0.09)
Depoe Bay 1,090 2,624 7,909 2,927 5,032 616
(0.24) (0.32) (0.70) (0.28) (0.46) (0.13)
Newport 568 2,447 4,349 4,492 3,283 516
(0.11) (0.27) (0.41) (0.59) (0.43) (0.16)
Winchester 2,602 5,328 10,175 9,712 1,639 1,287
Bay (0.65) (0.57) (0.99) (0.65) (0.24) (0.27)
Coos Bay 641 1,923 3,522 1,553 638 244
(0.23) (0.33) (0.60) (0.35) (0.13) (0.14)
Gold Beach 9 2 812 337 68 17
(0.05) (o.00) (0.29) (0.08) (0.02) (0.01)
Brookings 33 19 8,603 2,141 96 180
(0.01) (0.00) (0.49) (0.16) (0.03) (0.04)22
The percentages of hatchery fish contributing to Oregon's
sport fishery is highest near the Columbia River and decreases
steadily southward.Garibaldi, Depoe Bay, Newport, and Winchester
Bay have their highest percentages of wild fish later in the
season.Hammond has its highest percentage of wild fish from 16
July to 31 July.Total estimated percentages of hatchery fish
landed at each port from mid June to mid September 1977 were 85%
at Hammond, 83% at Garibaldi, 79% at Depoe Bay, 77% at Newport,
61% at Winchester Bay, 65% at Coos Bay, and 63% at Brookings/Gold
Beach.An estimated 74.9% of all coho salmon landed by the
entire sport fishery from mid-June to mid-September 1977 originated
from hatchery releases.Percentages of hatchery coho salmon by
port and period are shown in Table 8.Periods and ports are
combined where inadequate samples of scales were available.
Table 8.Estimated percentages of hatchery-reared coho salmon
total catch landed in 1977 by the Oregon ocean sport fishery.
in the
Port
Period
6/16-6/30 7/1-7/157/16-7/318/1-8/158/16-8/31 9/1-9/1
Hammond ( 91.8 ) 69.2 90.9 ( 90.6
Garibaldi ( 84.8 ) ( 80.8
Depoe Bay 79.7 95.7 88.3 68.6 ( 64.1
Newport 100.0 92.3 ( 74.1 ) ( 72.0
Winchester Bay ( 64.5 ) 70.7 ( 49.7
Coos Bay ( 58.9 ) ( 67.3
Gold Beach/ ( 62.8
Brookings (
Since the sport fishery is mainly composed of private and
charter boats making day-long trips, calculated percentages of
hatchery and wild fish by port probably reflect fairly well the
actual percentages occurring near each port, assuming similar
catchability of hatchery and wild fish.23
DISCUSSION
A. Comments on scale analysis and possible sources of error.
In my analysis, Iassumed that lengths of marked juvenile fish
caught as adults in the fishery were representative of hatchery
smolts in general.That is, Iassume there is no bias as to size of
fish marled by management personnel. Ibelieve that sampling
ocean-caught adipose-clipped fish yielded a more representative
cross-section of hatchery fish than obtainable by sampling adult
fish returning to a few hatcheries.Ideally, marked fish from
each hatchery should be sampled in the same proportion that each
hatchery contributes to the catch.While such sampling is not
possible, sampling a mixed group of ocean-caught marked fish is a
feasible approximation.
Adult salmon released from hatcheries as fry that survived
to enter the ocean as smolts would probably be classified as a
wild fish when using pre-ocean scale radius as the character for
discrimination. Ialso assumed that my sample of wild fish had
scale characteristics representative of wild coho salmon.
Scales from wild salmon sampled prior to 1977 (Table 2) were
not specifically known to be taken at one to four rows above the
lateral line.In the next chapter, Ishowed that scale characters
from coho salmon may vary significantly with sampling location on
the body. Iattempted to correct for possible errors by applying
the same size selection to these scales as to those coming from
marked and unmarked fish in 1977. Itis very unlikely that
scales were sampled from rows too far above the lateral line,asas scales of higher rows are deeply imbedded in spawning salmon
and are not easily removed.Since all sampleswere taken above
the lateral line between the dorsal and adipose fins, it is
unlikely that scales were taken outside of the proper sampling
area.
B. Comments on the results of scale analysis.
Of the 140,660 coho salmon caught in the ocean by Oregon
sport fishermen from mid June to mid September 1977, 35,300 were
estimated to be wild fish. Whereas scales from the commercial
troll fishery were not analyzed in 1977,it is likely that the
overall percentages of wild and hatchery fish are similar to that
of the sport fishery. To evaluate this likelihood, Icompared
observed percentage of marked fish in the monthly catch of the
sport fishery for six Oregon ports, with the percentage of marked
fish in the corresponding commercial catch. In11 of the 18
comparisons of adequate sample size, percentages of marked fish
caught in a given strata by the sport fishery were comparible to
those of the commercial fishery (p>.05).Percentages differed in
only seven cases (p<.05), which suggests that overall percentages
of hatchery and wild fish are similar for the two fisheries.
Ican explain the north to south cline of increasing percentage
of wild fish in the catch by hypothesizing a northward movement
of hatchery and wild coho salmon as the season progresses as Van Hyning
(1951) concluded, with wild fish from south and north coastal25
streams halting their northward movement near their natal streams.
Since over 80% of the coho salmon produced by hatcheries in
California, Oregon and Washington (excluding Puget Sound) are
released in the Columbia River and its tributaries (Oregon Depart-
ment of Fish and Wildlife 1977), many of the hatchery fish off of
the Oregon coast are probably headed for the Columbia River.
These hatchery fish continue northward and concentrate near the
mouth of the Columbia River.This argument is consistent with
Wright's (1976) estimate that the catch of coho salmon landed at
Ilwaco, Washington was composed of 84% Columbia River fish, 10%
Oregon coastal fish, and 4% Washington coastal fish.The argument
for south to north movement of coho salmon is further supported
by the catches off of Garibaldi, Depoe Bay, Newport, and Winchester
Bay all having their highest percentage of wild fish later in the
fishing season (Table 8).Late in the season, wild fish may be
proportionately more abundant on the south and central coast,
since most Columbia River fish would be to the north by this
time, leaving mostly coastal hatchery and wild fish contributing
to the south and central coast fisheries.The highest percentage
of wild fish that Inoted was 50.3% at Winchester Bay from 1
August to 15 September.
If wild stocks are dominating the catch of the fisheries
from south and central Oregon coastal ports late in the season,
limiting the fishing off of these ports during this time may
afford some protection to wild fish if such is required.However,26
the total catch of coho salmon and catch per angler day were low
after mid August 1977 from Winchester Bay southward, and were low
for all ports after August.Thus, while the percentage of wild
coho salmon caught rose late in the season, the numbers caught
were low, especially on the south coast.Closing the season for
salmon fishing after mid August would not have protected many
wild coho salmon, but we would have made only a small sacrifice
in catch of hatchery coho by initiating such protection.Almost
twice as many chinook salmon (0. tshawytscha) would have been
lost to the sport fishery.
Combined data obtained from the Oregon Department of Fish and
Wildlife from Winchester Bay to Brookings from mid-August to mid-
September showed that an estimated 1.8 chinook salmon were
caught for every coho salmon landed by sport fishermen.During
years of higher abundance of coho salmon, fishermen may tend to
fish more for coho and less for chinook salmon than was the
situation in 1977.This would increase fishing pressure on wild
stocks of coho salmon late in the season.By restricting the
fishery, we might provide significant protection for wild stocks
during those years.
Another way of explaining the decreasing percentage of
hatchery coho salmon in the fishery to the south is that a sub-
stantial portion of smolts released from Columbia River hatcheries
do not migrate very far southward along the Oregon coast, or if
they do, it is at a time or size that the resulting adulds do not27
enter the fishery.This argument is supported by the large
number of coho salmon caught per angler day at Hammond from 16
June to 31 July (Table 7), perhaps indicating that coho salmon
returning to the Columbia River are concentrated near the river
in early summer.The high percentage of hatchery fish caught at
Hammond from 15 June to 15 July further supports this hypothesis
(Table 8).
If wild and hatchery fish are distributed differently in
oceanic areas fishing pressure could be adjusted to meet management
goals.If, however, there is substantial variability where wild
fish are caught, either because of the fishery or because of
environmental factors, and if hatchery fish intermingle extensively
with wild fish, it may be difficult to protect wild stocks while
maintaining high rates of harvest on hatchery fish in the ocean.
C. Comparison with historical data.
Total Oregon troll and sport catch of coho salmon in the
ocean plus Columbia River commercial catch was only 645,000 fish
in 1977.Assuming that 74.9% are hatchery fish, then only 162,000
of the fish originated from natural production.Average catch of
coho salmon by the Oregon troll fishery alone from 1952 to 1956
was 312,000 fish, probably almost all wild fish. The lowest catch
over the 5-year period was 227,000 fish in 1954.Note that this
figure excludes fish caught in the ocean by sportsmen and also
excludes Columbia River catch.The average catch from 1952 to
1956 is 1.9 times higher than the catch of wild coho salmon from28
the combined ocean troll and Columbia River net fisheries in
1977.Yet, the catch of wild fish in the 1950's was considered
low enough to warrant closure of commercial gillnet fisheries on
all Oregon coastal streams to increase the escapement of wild
stocks.The efficient net fisheries of the 1950's were considered
a primary threat to the production of wild salmon by some biologists.
Recent analyses of markingexperiments with coho salmon show
some Oregon coastal stocks of hatchery fish with a catch to
escapement ratio of 6 (Pacific Fishery Management Council 1978).
Assuming wild fish are as catchable as hatchery fish, the troll
fishery now has efficiency rivaling many terminal fisheries.
In addition the catch of wild fish might be considerably
less if it was not for the natural spawning and subsequent seeding
of rearing areas by hatchery fish.How many wild coho salmon
result from natural spawning of hatchery fish failing to return
to hatcheries is unknown.With the large numbers of smolts being
released, even a small percentage of strays could lead to signifi-
cant production in the wild assuming that the progeny do not
differ significantly in fitness from the progeny of wild parents.29
SUMMARY AND CONCUSIONS
(1)Eight scale characters of known hatchery and wild coho
salmon were compared, and a linear discriminant function was used
to determine if hatchery and wild fish could be correctly identified
from their scales.Among those characters pre-ocean scale radius
proved to be the most useful.
(2)Based on analysis of scales sampled from unmarked fish
caught by the sport fishery, Iconcluded that 74.9% of the coho
salmon caught by the Oregon sport fishery in the ocean from 15
June to 15 September 1977 were released as smolts from public
hatcheries.
(3)Highest percentages of hatchery fish were caught near the
Columbia River, with progressively higher percentages of wild fish
caught southward.
(4) Ihave some evidence that fisheries on the south and central
Oregon coast may be fishing higher percentages of wild fish late
in the season, probably because wild fish from coastal streams
remained off these ports while most fish destined for the Columbia
River hatcheries migrated northward.Although percentages of wild
fish caught late in the 1977 season off the south and central
Oregon coast may be high, the numbers involved are relatively
small.
(5)Based on analysis of catch data, the number of wild coho
salmon in 1977 is well below that of the early and mid-1950's. In
the 1950's most stocks of wild coho salmon were believed to
lack adequate escapement. Abundance of wild coho salmon, by all
indications of catch and escapement, was at a record low in 1977.30
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CHAPTER 2.Variation of Scale Characteristics of Coho Salmon with
Sampling Location on the Body.
INTRODUCTION
Scales of Pacific salmon have been used by fishery scientists
in seemingly simple studies, such as aging, to more intricate
studies, such as separation of distinct stocks (Major et al.
1972).In general, biologists have found it beneficial to take
scales from standard areas of the fish's body, since scales do not
form on different areas of the body at the same times. For example,
scales below and above the lateral line may form on a fish at
different times and have different measurements throughout the
life of the fish.Because the size of scales vary with body area,
body-scale relations with different slopes and interceptsmay be
obtained when scales are taken from different parts of the body
(Hite 1970).Similarly, since the time of scale formation varies
with body area, the number of circuli formed on a scale during the
first year of life varies by area as well.
In the past, the problem of differential scale characteristics
by location on the body has been reduced by sampling "standard
areas" of fish.In salmon, this standard area has often been
above the lateral line, between the dorsal and adipose fins.In
separating stocks of salmon, biologists with the International
North Pacific Fisheries Commission have often electedto take a
"preferred" or "key" scale, which is the scale between the dorsal
and adipose fin two rows above the lateral line scale, alonga3k
posteriorly directed diagonal from the posterior insertion of the
dorsal fin (Clutter and Whitesel 1956; Fig. 1).
The collection of preferred scales poses several problems.
Many scales are unusable because they are regenerated.Conditions
at sites of sampling, such as fish companies or boat docks, are
often not conducive to making exact selections.Sampling a pre-
ferred scale in the field during adverse weather is laborious.
Yet, the area above the lateral line between the dorsal and adipose
fins may be too wide for a sampler to obtain the accuracy required
in many studies.
My objectives were to (1) determine how scale characters of
coho salmon varied within the area above the lateral line between
the dorsal and adipose fins, and (2) determine if a precisely
taken scrape sample of scales could be effectively substituted for
the tedious and often impractical sampling of the preferred scale.DORSAL
FIN
PREFERRED
SCALE
LATERAL
LINE
Figure 1.Location of sampling areas for scales used in this study.The preferred scale is within
area A.36
METHODS
Scales were collected on 18 November 1977 from 30 adult coho
salmon that returned to the Alsea River Salmon Hatchery, Oregon.All
fish were later determined to be age 1.1(one freshwater and one
ocean annulus; fish in its third year of life).
Four distinct samples were taken from the left side of each
fish--the preferred scale, and from each of three areas (A, B, and C
of Fig.1) above the lateral line and between the dorsal and adipose
fins.Area A is a rectangle vertically bounded by and including
scale rows 1and 3 above the lateral line and horizontally bounded by
and including the two scales anterior and posterior to the preferred
scale.Area B is a rectangle vertically bounded by and including
scale rows 1and 3 above the lateral line and horizontally bounded by
and including the two scales anterior and posterior to that scale two
rows above the lateral line, which was directly below the posterior
insertion of the dorsal fin.Area Cis a rectangle vertically
bounded by and including scale rows 6 to 12 above the lateral line
and bounded horizontally by the dorsal extension of the boundaries
from area A.Area Cis thus directly dorsal to area A.
Scales were mounted on gummed cards and impressions of the
scales were made on acetate sheets under heat and pressure, by methods
similar to those described by Clutter and Whitesel (1956).Scale
impressions of the preferred scale and one of the six scales from
each of areas A, B, and C for each fish were read with the aid of a
projector at a magnification of 80x.The following measurements were
taken:(1) total scale radius,(2) radiusof the freshwater zone at37
20° ventral to the longest axis,(3) number of circuli in the fresh-
water zone at 20° ventral to the longest axis, (4) radius of the
freshwater zone at 90° ventral to the longest axis, and (5) number of
circuli in the freshwater zone at 90° ventral to the longest axis
(Fig. 2).From these measurements and counts, two other values were
calculated: character 2 divided by character 3 (character 6) and
character 4 divided by character 5 (character 7). Idesignated
characters 6 and 7 as distance per circulus at 20° and 900, respec-
tively.Comparison between scale locations were made for characters
1, 2, 3, 6, and 7.For each of these five characters, means and 95%
confidence intervals for 30 scales, each from a different fish, were
calculated for areas A, B, and C.
Only 18 of the preferred scales were usable; the rest were
regenerated. These 18 scales were compared with corresponding samples
taken from areas A, B, and C of these same fish.Means and 95%
confidence intervals were calculated for areas A, B, and C and the
preferred scales.
Data were subjected to a one-way analysis of variance.When
significant differences between treatment means were found, means
were compared by using the method of Least Significant Difference
(Snedecor and Cochran 1967).LONGEST
AXIS
38
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Figure 2.Scale of salmon showing lines 20
o
ventral and 900 ventral to the
longest axis.Table 1.Means and 95% confidence intervals of length (cm x 80) or counts for five scale characters from areas
A, B, and C (Fig. 1), and preferred scale.Values for the first three columns were calculated from a sample of
30 fish, and values for the last four from a sample of 18 fish.
Sampling locations
Character
Area comparisons Preferred scale comparisons
Area A Area B Area C
Preferred
scale Area A Area 8 Area C
Total scale
radius 30.02+0.96 30.65+1.06 23.53+0.81 30.21+1.31 29.98+1.31 30.29+1.53 23.64+1.07
Freshwater scale
radius at 20° 7.21 +0.32 7.04+0.34 5.00+0.34 7.19+0.50 7.28+0.48 7.03+0.50 5.12+0.49
Number of
circuli at 20° 38.40+1.31 36.83+1.42 28.00E1.93 38.89+1.77 38.28+1.64 37.28+1.77 28.27+2.38
Distance per
circulus at 20°0.188+0.006 0.191+0.006 0.179+0.007 0.184+0.007 0.190+0.008 0.188+0.008 0.181+0.010
Distance per
circulus at 90°0.193+0.005 0.199+0.005 0.168+0.006 0.193+0.007 0.191+0.006 0.195+0.006 0.169+0.009Table 2.Comparisons of means from areas A, B, and C (Fig. 1), and the preferred scales (P) for
five characters showing significant differences between means for one area and those for each
other area.Comparisons among areas A, B,
the preferred scale for 18 fish.'
and C were made for a sample of 30 fish and those with
Character
Locations
Area comparisons
compared
Preferredscale comparisons
A and BA and CB and C P and AP and B P and C
Total scale radius NS ** ** NS NS **
Freshwater scale radius at 20° NS ** ** NS NS **
Number of circuli at 20° NS ** ** NS NS **
Distance per circuli at 20° NS NS ** NS NS NS
Distance per circuli at 90° NS ** ** NS NS **
aNS = not significant
**= highly significant (p<0.01)RESULTS
Scales from area C averaged only 78% of the total radius of
scales from area A; the freshwater scale radius at 20° averaged
only 69% of that of area A; only 72.9% as many freshwater circuli
were present at 20° as were present in area A; and mean distance
between circuli at 90° was only 87.6% of that of area A.For only
one character--distance per circulus at 200were scales from
areas A and C not statistically different, although scales from
areas B and C were different.Scales from area B were statistically
different in all five characters from those of area C.No statistical
differences were found between areas A and B for any of the characters
(Table 2).
In the second group of comparisons, in which 18 of the samples
were used for comparison with the preferred scales, significant
differences between means were found for four of five characters;
distance per circulus at 20° was the only character where treatment
means were not statistically different (Table 1).None of the
means of characters of area A, area B, or the preferred scales
were statistically different from each other.Means for area C
differed from those of area A, area B, and the preferred scales
for four of the five characters (Table 2).42
DISCUSSION
Itis evident that, even within the area above the lateral line
between the dorsal and adipose fins, significant variations in
characters exist among scales taken from a coho salmon. Itis there-
fore important to specify precisely where on the fish the scales are
to be taken.Even in age and growth studies, care in collecting
scales can reduce error and lead to more consistent results.It is
obviously imperative that the location of sampling on a fish be
precisely defined for studies employing numbers of circuli or fresh-
water scale radius as characters.
Since spawning salmon reabsorb the outer edges of their scales,
my measurements of total scale radius in this study are not exact.
Nevertheless, my results tend to indicate that body-scale relationships
can vary substantially within a relatively small sampling area on the
fish.Verification of the differences in body-scale relationship
with area of sampling would be possible if one used coho salmon
caught in the ocean, where their scales would be intact.
My results also indicate that a sample of scales taken from the
area closely surrounding the preferred scale (area A) yields results
similar to those based on the preferred or key scale.Sampling from
area B also yields satisfactory scales.A good representative sample
can be obtained by simply looking at the posterior insertion of the
dorsal fin, following the diagonal scale row to the lateral line,
then taking scales from a row or two above the line.If this is too
time consuming, one can also take scales from area B and still have
an adequate sample.Most errors result from taking scales too far43
above the lateral line, where part of the early life history ofthe
fish is not recorded on the scale.In general, for coho salmon,
scales should be taken close to the lateral line.44
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CHAPTER 3.Role of Streamflow in Production of Coho Salmon
(Oncorhynchus kisutch)in Oregon.
INTRODUCTION
Yearly abundance of coho salmon (Oncorhynchus kisutch) has
historically fluctuated widely, often causing economic and management
problems for fishermen and fishery biologists, respectively.
Ability to predict coho salmon abundance before the fishing season
allows fishermen to allocate their time and money more efficiently
and allows biologists to recommend harvest rates to prevent overfishing
of stocks.
In Oregon mature salmon migrating from the ocean into rivers
and smaller tributaries and spawn mostly from October to January
(Willis 19621; Moring and Lantz 1975).Depending mostly on tempera-
ture, the fertilized eggs may hatch in 2 to 4 months.Fry emerge
from the gravel several weeks later.Surviving fry spend their
first summer of life in the stream and most migrate to the ocean
as yearlings the following March through May after overwintering
in freshwater.Those fish surviving in the ocean will remain
there for one winter and return to their natal stream the following
fall, or be caught in a fishery.A few males mature and return
after their first summer in the ocean.Hence, most fish contri-
buting to the fisheries are age 1.1, where numbers left and right
of the decimal indicate numbers of freshwater and marine annuli on
their scales, respectively (Gilbert 1913; Pritchard 1940).
1 Wi llis, R. A.1962.Gnat Creek weir studies.Oregon Fish Comm.
Unpublished.7i pp.46
In their search for cause of yearly fluctuations in abundance,
biologists have concentrated on studying factors that affect
distribution and abundance of juvenile coho salmon during their
freshwater rearing, since coho salmon are more easily studied in
streams than in the ocean.Empirical studies on factors affecting
abundance of coho salmon have generally proceeded on two fronts.
One approach has been using field and laboratory studies to
explain abundance of coho salmon by physical factors (streamflow,
protective cover, temperature, etc.), chemical factors (pH,
alkalinity, etc.) and biological factors (inter- and intraspecific
competition, predation, behavior, etc.).These studies, emphasize
factors limiting juvenile salmonid populations in streams,
(Chapman 1966; Allen 1969).
The other, more gross and simplistic approach, has been to
correlate large scale environmental variables, especially streamflow,
to catch of adult coho salmon by either the terminal fisheries
(gillnet, dipnet, etc) or troll fisheries.The objective of these
studies has usually been to predict the size of the salmon runs
prior to the fishing season (Wood 1977; Zillges 1977).Biologists
have noticed that catches of coho salmon on different rivers tend
to fluctuate together (McKernan et al. 1950; Tollefson 1959).
Consequently, biologists have searched for a widespread environmental
factor that would influence abundance.A significant correlation
between number of coho salmon caught per 100 h of sport fishing in
Cowichan Bay, British Columbia, and minimum summer streamfiows 247
years earlier was found by Neave (1949).Smoker (1955) found com-
bined annual runoff from 23 watersheds in western Washington
highly correlated with total combined catch of coho salmon 2 years
later by the commercial fisheries of Puget Sound, Willapa Bay, and
Gray's Harbor.He also obtained significant correlations with
summer as well as lowest monthly flow with catch 2 years later,
but concluded that these flows merely reflected annual flows,
summer flow being influenced by melting of snow and glaciers.He
was unable to show significant correlations between streamflow and
catch for most individual rivers, however.The Washington Department
of Fisheries, building on Smoker's work, estimate returns of wild
coho salmon to the fishery by using summer streamflows of western
Washington 2 years prior to the catch (Zillges 1977).
Correlations by themselves do little to explain the role of
streamflow in determining abundance of coho salmon.When during
the life history of the juvenile coho salmon do streamflows exert
influence on the number, size, and general health of smolts leaving
the stream?
From shortly after emergence from the gravel through the
summer, large numbers of fry generally move downstream.The
movement of fry is believed to be a result of the development of
aggressive and territorial behavior and the formation of dominance
hierarchies in streams (Chapman 1962; Hartman 1965).While the
demands for food and space of the remaining fry continually increase
through summer and fall, the amount of available habitat for fish1+8
decreases.Coastal streams in Oregon and Washington have their
lowest flows from July through October.Many biologists therefore
consider summer to be the period when numbers of coho salmon are
regulated in freshwater.The numbers of smolts leaving streams
have been observed to be fairly constant each year (Salo and
Bayliff 1958; Lister and Walker 1962; Chapman 1965).These
observations perhaps indicate that no matter how many fry, over a
certain minimum, emerged from the gravel, space and food limita-
tions during the summer would support only a fairly constant
number (biomass) of coho salmon; the rest would die or migrate.
In some years, extremely low numbers of spawners or reduced
emergence would result in the standing crop of fry during the
summer being lower than what the stream could support.In this
case, the stream is "underseeded", or below "carrying capacity"
for the available habitat during summer.
Shapovalov and Taft (1954) found the numbers of spawners in
Waddell Creek, California related linearly to numbers of smolts
resulting from these adults.In Godwood Creek, California the
biomass of salmonids was raised substantially during summer by
artificially adding fry (Burns 1971).In both of these streams,
it is likely that the number of spawners or spawning area were
insufficient to provide enough fry to use the available habitat.
Itis only when there are sufficient fry emerging to use all
available habitat that the effects of streamflow on availability
of habitat become important.When habitat becomes limited, we149
should see significant correlations between low summer flows and
abundance of adult fish if these flows are the crucial factor.
Wood (1977) assumes available rearing area during low summer
flows to be the limiting factor for most coho salmon populations
in Washington. However, he found very poor correlations between
low summer flows and the ensuing run size as determined from
gillnet catches on western Washington coastal streams.He concluded
that either (1) gillnet catch is a poor estimate of abundance,(2)
the coho salmon are underseeding available rearing area in summer
because of inadequate escapement or spawning area, or (3) some
factors, singularly or in combination, other than rearing area in
summer dictate number of adults produced.
Besides summer flows, what other factors could affect smolt
output and resultant return of adults?Since the period of low
summer flows seems to bring coho salmon fry to roughly constant
numbers yearly, variable factors acting on fry each year from
after the summer period until seaward migration would alter return
of adult fish.Elson (1962) found that he could increase survival
of Atlantic salmon (Salmo salar) smolts five fold by controlling
merganser populations.Perhaps predation on wild coho salmon is
substantial but variable.This would lead to significant variability
in number of smolts entering the ocean each year, even though
numbers of smolts moving downstream from smaller tributaries
remained fairly constant.50
High flows from March through May, the usual time of migration
for smolts, could lead to less predation from increased turbidity
of the water and increase in available hiding places.In this
case, given fairly equal numbers of smolts surviving the summer
each year, we would expect flows from March through May to correlate
positively with coho salmon returns if abundance is determined, at
least partly, during this period.
Larger hatchery smolts usually survive better in the ocean
than smaller hatchery smolts (Hager and Noble 1977; Bilton and
Jenkinson 1976).If the same is true for wild fish, the size of
smolts, not just number, may affect rate of return.Smolts in
Gnat Creek, Oregon varied in average length over 6 years from 101
mm to 120 mm (Willis 1962).Chapman (1965) showed monthly
instantaneous growth rates of yearlings rose in the spring, prior
to migration. High flows during late winter and spring could
dislodge benthic inverterbrates, leading to better growth prior to
the fish migrating downstream, while providing more cover and
protection from predation during spring.Of course, extremely
high flows and resultant flooding during winter could also cause
mortality among yearlings.
High streamflows when adult spawners are entering streams may
allow access to upper spawning areas inaccessible during lower
flows, leading to production of smolts from upper tributaries
(Allen 1969).Higher flows may also increase area of spawning
beds covered with water.While high flows during spawning lead to51
high abundance of pink salmon (D. gorbuscha) 2 years later (Wickett
1958), coho salmon, unlike pinks, rear in freshwater, and itis
likely that abundance of coho salmon smolts is less dependent than
that of pinks on flows during this time.Nevertheless, because
coho salmon fry and yearlings move primarily downstream (Chapman
1962) and apparently only seldom upstream (Skeesick 1970), extra
production of smolts may result from fry emerging in upper areas
of streams.
In my study, Iinvestigated certain relationships between
streamflows and production of adult coho salmon in Oregon using
flow and catch data.My objectives were:1) Correlate low summer
streamflows with coho salmon catch 2 years later. 2) Correlate a)
annual streamflows as well as b) total flows during the freshwater
phase of the juvenile life of coho salmon with catch of adult fish
subjected to these flows as smolts.3) Compare results from 1)
and 2) with those of Smoker (1955) to see if summer streamflows
correlate better with catch than with annual streamflows. 4)
Correlate peak discharges of rivers with catch of coho salmon sub-
jected to those flows as smolts. 5) Correlate flows during spawning
migrations with catch of coho salmon 3 years later.6) Correlate
post-summer flows, i.e. those of winter and spring as well as
those during time of smolting, with catch of adult coho salmon.52
MATERIALS AND METHODS
Streamflow data for six coastal rivers--the Nehalem, Wilson,
Siletz, Alsea, Umpqua, and Coquille (Fig. 1)--were obtained from U.
S. Geological Survey reports for Oregon (1921-1970; 1971-1973).
These reports summarize mean daily discharge at gauging stations
along each river. Ialso secured data on computer cards on daily
discharge for the same six rivers from the U. S. Geological Survey
office in Portland, Oregon. Iselected these rivers for study
because: a) data on daily streamflow were available on each river
since 1939, with data from four of the rivers available even earlier;
b) Ihad records of catch of coho salmon for the rivers over periods
when 1had corresponding data on streamflow; and c) the rivers
historically have supported substantial populations of coho salmon.
To quantify yearly differences in streamflows during the summer,
Iwrote a computer program to calculate the lowest 60 consecutive
days of flow in each of the six rivers (Appendix Table 1). Ibelieved
that lowest 60 consecutive days of flow would be of sufficient
duration so that if streamflow in summer affected the number of coho
salmon returning as adults, Iwould see this result.Using lowest 60
consecutive days of flow is preferable to using average monthly
values because summer freshets in coastal Oregon streams bias average
values.
On all analyses except those using lowest 60 consecutive days of
flow and peak discharges, Iused monthly values of surface runoff,
in acre-feet, published in the U.S. Geological Survey Water-Data
Reports for Oregon.Data on daily peak discharges are in cubic53
Figure 1.Rivers in Oregon analyzed for relationships between
streamflows and catch of coho salmon.54
feet per second.For convenience, Ileft the data in original
English units.
Ialso correlated catch of coho salmon by the troll fishery
to streamflows of Oregon coastal rivers by combining values of
streamflows of five coastal rivers--the Nehalem, Wilson, Siletz,
Alsea, and Coquille--and correlating these combined values for
various time intervals to the troll catch in years 1942 to 1962.
These years were chosen because streamflow data were unavailable
for two of the five rivers prior to 1939, and 1962 was before
large returns of hatchery fish to the Columbia River (Korn 1977).
Iused pounds rather than numbers of fish caught because numbers
of fish caught were not recorded before 1952.From 1952 to 1962,
numbers and pounds were closely correlated (r = 0.98).
Relationships between flows and catch on the Coquille River,
and between flows on the Wilson River and catch in Tillamook Bay
were studied by using catch data from 1934 to 1946, during which
time there were minimal changes in fishing regulations.After
1946, more stringent regulations were adopted (Gharrett and Hodges
1950; Gharrett 1953)2.Prior to 1931, no data on flow were avail-
able for the Wilson River.Unfortunately, from 1934 to 1946,
catch of coho salmon in Tillamook Bay and the Coquille River
declined sharply, because of fishing pressure on the stocks,
degradation of freshwater habitat, increase in effort by the troll
2
Gharrett, J. T.1953.Summary coastal river regulations 1978-1950.
Oregon Dept. Fish and Wildl. Unpublished.Unpaged.55
fishery, or their combination.Effort, judging from number of
licenses issued, remained fairly constant in Tillamook Bay but
dropped in the Coquille River, leading to or perhaps because of
decreased catch.
Relationships between flows and catch for the Siletz and
Umpqua rivers were studied by using catch data from 1927 to 1940
and 1925 to 1940, respectively.Catch of coho salmon in these
rivers showed no marked rise or decline during these periods,
and streamflow data were available continuously over this time.
By the 1940's, catches of coho salmon on most coastal rivers
were declining, probably because of previous high fishing pressure
in the rivers, destruction of freshwater spawning and rearing
areas, more salmon being caught by the troll fishery, restrictions
of terminal fisheries, or combinations of these factors.Thus, it
is difficult to compare flows with catch for coastal Oregon rivers
after the mid-1940's, even though some commercial fishing on many
of these rivers continued until the end of 1956 when it was dis-
continued except in Tillamook Bay (Tollefson 1959).
Data on catch of coho salmon from coastal rivers were obtained
from Cleaver (1950) and Smith (1956). Ialso obtained unpublished
data from the Oregon Department of Fish and Wildlife.
Linear and multiple regression analyses were performed on
catch and flow data using the Statistical Interactive Programming
System (SIPS) of the CDC 3300 computer at Oregon State University,
Corvallis, from August 1977 to February 1978.56
RESULTS AND DISCUSSION
Ianalyzed many different relationships between flow and
catch but Iam reporting only what Ifeel are notable successes or
failures in finding relationships between these variables.Other
relationships are listed in Appendix Table 2.
Ifound a highly significant relationship between total
November (x-3) through May (x-1) streamflows for the five coastal
rivers combined and pounds of coho salmon caught by the Oregon
commercial troll fishery in year x from 1942 to 1962 years of
catch (r = 0.68, p<.01; Fig. 2)3.This 17-month period of streamflow,
from November to May 2 years later, corresponds to the time from
entrance of adult salmon into coastal streams to the seaward
migration of their progeny as smolts (Willis 19624; Moring and
Lantz 1975).There is also a highly significant relationship
between total annual flow and catch 2 years later (r = 0.56,
p<.01; Fig. 3), agreeing well with Smoker's (1955) finding of
significant correlation (r = 0.91, p<.01) between annual flows and
catch 2 years later in western Washington from 1935 to 1954.Of
particular interest is that the lowest 60 consecutive days of flow
for the five Oregon rivers combined correlates very poorly with
annual flows (r = 0.20; p>.05) as well as with November (x-3)
31f coho salmonare caught as age 1.1 adults in year x, they were
fry in streams in year x-2 and yearlings in year x-1.Their
parents probably spawned from about November, year x-3, to January,
year x-2.
4Will;s,R. A.Op. Cit.57
through May (x-1) flows (r = 0.13; p>.05; Fig. 4).The difference
between Oregon and Washington streams is probably a result of the
streams analyzed by Smoker being fed by melting snow and glaciers
in summer, with high precipitation in winter often apparently
leading to high streamflows the following summer.By contrast,
the five rivers Ianalyzed flow out of the Coast Range mountains,
which receive nearly all precipitation in winter as rain. In
these streams, summer flows are mainly dependent on quantity of
precipitation in summer.While Smoker (1955) found highly signifi-
cant relationships between both annual streamflow and catch and
summer streamflow and catch, he was unable to clearly separate
their effects since total and summer streamflows were well correlated.
While Ifind a highly significant relationship between annual
flows with catch 2 years later, Ifind a poor relationship between
lowest 60 consecutive days of flow and catch 2 years later (r =
0.28, p>.05; Fig. 5).This poor correlation raises questions
about whether we have over simplified our views of factors affecting
abundance of coho salmon in freshwater.
Ialso find significant relationships between catch and a)
total flows from November (x-2) through May (x-1), corresponding
to winter and spring flows for the smolts (r = 0.59; p<.01; Fig.
6); b) total flows from March (x-1) through May (x-1), corresponding
to time of smolting (r = 0.53; p<.05; Fig. 7); and c) total flows
from January (x-2) through September (x-2), from prior to emergence
of the fry until the end of summer (r = 0.52, p<.05).4
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There was no tendency for years when streams had high discharges
to be followed by low return of adults subjected to these flows as
smolts (r = 0.19, p>.05; Fig. 8), nor was there indication that
extremely high flows during incubation of eggs led to a low catch
3 years later (r = 0.01; p>.05; Fig. 9).
The poor relationship between lowest 60 consecutive days of
flow and catch 2 years later is noteworthy because this measure of
summer streamflow is used to predict the abundance of wild coho
salmon in streams flowing into Puget Sound (Zillges 1977).
After low summer flows, higher flows from November until May,
generally led to higher catch (Fig. 6).Higher flows in winter
may provide more overwintering habitat for fish.High flows in
late winter and spring may dislodge invertebrates from the substrate,
increasing their availability to fish.In turn more food would
enhance survival as well as growth of yearlings.These larger
smolts may have higher rates of return than smaller smolts (Hager
and Noble 1976; Bilton and Jenkinson 1977).Additionally, high
flows during March through May (Fig. 7) may protect smolts from
excessive predation during downstream migration andpassage through
estuaries.
Since Ifind no relationship between total November (x-3)
through December flows and catch 3 years later, Icannot conclude
that high flows during spawning migrations of adults upstream will
result in greater production of adult fish from otherwise inaccess-
ible spawning and rearing habitat being used.
Iam also unable to61
conclude that extremely high peak discharges from streams lead to
low return of adults that were exposed to those discharges as
smolts.
Ifind the best correlation between total November (x-3)
through May (x-1) flows and catch (Fig. 2), indicating that overall
flows during the freshwater phase of their life history will lead
to high catch of these fish as adults. Ihypothesize that the
result of summer flows is mainly to reduce the number of coho
salmon to fairly constant levels each year, and that higher flows
in succeeding months favorably affect their growth and survival.
Subsequently, these smolts probably have higher rates of return as
adults.
But what factors during the time from emergence to the end of
summer could affect catch 2 years later?The strong correlation
between total flow and catch as well as Smoker's (1955) correlation
between annual flow and catch indicate that flows during this
period may be affecting the resulting catch of salmon.
Chapman (1966) noted that size of territories of juvenile
coho salmon decreases when abundance of food increases.Higher
flows during time of emergence through the low summer periodmay
lead to more food drifting downstream to be eaten by juvenile coho
salmon, and a greater density of young salmon in the stream.
Hence the number of juveniles surviving the low summer flowsmay
depend partly on the availability of food which in turn may depend
on timing of freshets in the stream, production of invertebrates62
and so forth.Nevertheless, Iam not convinced that numbers of
coho salmon are regulated prior to low summer flows, assuming
adequate escapement to produce enough fry to use all available
habitat.The role of high flows from emergence through the summer
in determining abundance of adult coho salmon is unclear.
Since total November (x-3) through May (x-1) flows and lowest
consecutive days of flow are poorly correlated, Icalculated a
multiple regression of these streamflows versus troll catch by the
Oregon commercial fishery from 1942 to 1962.Forty-six percent of
the variation in catch was explained by November (x-3) through May
(x-1) flows while 50% was explained by adding in the lowest 60
consecutive days of flow.
Some biologists have assumed that since coho salmon are
strongly territorialin summer, streamflows at this time provide
an effective bottleneck to the abundance of smolts leaving a
stream, and that mortalities after that time in freshwater and the
ocean are relatively constant.Hence, summer flows may be used to
predict salmon runs.While summer flows may indeed act as a
bottleneck by limiting the number of coho salmon that can be
reared, Flows from autumn through time of smolting, as well as
oceanic Factors, may actually be more important in determining
returns of coho salmon.Perhaps in extreme years, because of an
exceptionally dry summer or significant dewatering of streams for
irrigation, low flows may become more important in determining
return of adult salmon as Smoker (1955) suggested.63
While low summer streamflows may possibly be used predictively
in Washington, there is no indication that catch and lowest summer
flows are or ever were closely correlated enough in Oregon to
allow prediction of coho salmon returns to the troll fishery off
of Oregon.Rather, for one or more of the reasons described
above, total streamflows, consisting of high flows during many
different periods, may lead to high survival and production of
smolts that return as adults.
From 1963 to 1972, the correlation between total annual flows
and catch by the troll fishery is poor (r = 0.24, p>.05).During
this period, hatchery fish were contributing significantly to the
fishery, as indicated by returns of salmon to the Columbia River
hatcheries (Korn 1977).Since hatchery fish do not rear in the
stream environments, other factors probably affect their return-
oceanic factors, diseases, or the "quality" of smolts released
(expressed as potential for growth and survivalin the ocean).
Ialso correlated streamflow and catch for individual Oregon
coastal rivers by analyzing flow and catch data over selected
intervals.Relationships between flow and catch on the Coquille
River from 1934 to 1946 were analyzed.No significant relationships
were found between catch and annual flows, peak flows, or lowest
60 consecutive days of flow.Catch declined sharply over this
period, confounding the analysis.
Relationships between flow and catch on the Umpqua River from
1925 to 1940 were analyzed. Ifound an inverse relationship
between total November (x-3) through May (x-1) flow and catch in64
year x (r = -0.55; p<.05), as well as between November (x-2)
through May (x-1) flow and catch (r = -0.63; p<.01); these results
are exactly opposite those obtained for the troll fishery. This
finding reaffirms that caution is needed in drawing conclusions
based on these relationships as itis difficult to separate effect
from artifact.
Relationships between flow and catch on the Siletz River from
1927 to 1940 were analyzed. Ifound significant relationships
between annual flows and catch 2 years later (r = 0.58; p<.05;
Fig. 10) and lowest 60 consecutive days of flow and catch 2 years
later (r = 0.59, p<.05; Fig. 11).Over the 14 years, annual and
lowest 60 consecutive days of flow were correlated (r = 0.60;
p<.05).This is a situationsimilar to Smoker's (1955) problem
of high correlation among flows, where itis difficult to separate
effects of summer flows from flows during other periods.
Relationships between flow on the Wilson River and catch in
Tillamook Bay from 1934 to 1946 were analyzed. Ifound highly
significant correlations between total January (x-2) through May
(x-1) flows and catch (r = 0.87, p<.01; Fig. 12) and annual flows
and catch (r = 0.80; p<.01), but a poor relationship between catch
and previous (r = 0.33; p>.05; Fig. 13). Ialso ran a multiple
regression of total December (x-3) flows, lowest 60 consecutive
days of flow in year (x-2), and total March (x-1) through May (x-
i) flows versus catch in year x. Iaccounted for 57% of the
variation in catch by variations in these periods of flow.However,65
since catch of coho salmon declined sharply over this period,it
is difficult to separate effects of time from those of streamflows,
so the above relationships must be interpreted cautiously.
B. Comments on the method and possible sources of error.
Catch may poorly indicate abundance of adult fish.Effort in
the 1940's by the troll fishery may have been substantially less
than by 1960, so that catch to escapement ratios increased.The
highest 8 years of catch occurred after 1950, whereas 9 of the 12
years of lowest catch occurred between 1942 and 1950 (Fig. 2).
The possibility of a trend of catch with time, because of changes
in effort, cannot be dismissed.Nevertheless, the troll fishery
may be the most reliable source of data on abundance available to
compare with flow.Since this fishery gets first opportunity to
catch migrating coho salmon, their catch is probably more indicative
of actual abundance than data from individual rivers.Also, the
troll fishery has been almost unregulated since its inception (Van
Hyning 1951; Reed 1976), whereas fishing regulations on coastal
rivers changed frequently (Gharrett 1953), complicating interpretation
of data on catch from rivers.
While the flow data used in these analysesare believed
accurate, they may not always reflect actual conditions of flow
throughout the river systems. Gowan and Mathews (1976) found that
by changing the location of flow measurements on the Green River,
Washington, they obtained considerable variation in significance
between regression equations of flow with salmon abundance.Since2.0
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there were few stations along the Oregon coast that had long-term
data on flow, and most of the rivers had only one gauging station,
Iassumed that flows at that gauging station were representative
of flows for that river.This assumption seems reasonable since I
find close correlations between both total and summer flows between
these coastal rivers (Table 1).
Table 1.Correlation coefficients of annual flows and lowest 60 con-
secutive days of flow between Nehalem River and four other Oregon
coastal rivers from 1940 to 1960.
Correlation coefficients
Rivers compared Annual 60 day
Nehalem x Wilson 0.98 0.91
x Siletz 0.93 0.78
11 x Alsea 0.89 0.78
x Coquille 0.70 0.5568
SUMMARY AND CONCLUSIONS
Ihave summarized the noteworthy results of extensive analysis
of data on streamflow and catch of coho salmon by Oregon's commercial
fisheries. Ifound that for catch in the Siletz River and Tillamook
Bay, and for the troll fishery, total flows in the stream during
the period of residency of the juveniles correlated significantly
with number of adults resulting from these smolts; annual flows
also correlated significantly.There was no indication that
summer flows determined production of adult fish 2 years later,
except for a significant relationship for the Siletz River.No
evidence was found that extremely high flows depressed abundance
of adult coho salmon resulting from smolts subjected to the flows,
nor that severe flooding during incubation of eggs resulted in
low catch of adult salmon 3 years later.However, high flows
during winter, spring, and during smolting positively correlated
significantly with catch of adult fish subjected to these flows as
yearlings.
The relationship between total annual flows and catch of coho
salmon 2 years later is especially noteworthy, since Smoker (1955)
found a similar relationship between annual flows and catch of
coho salmon in Western Washington from 1935 to 1954, an overlapping
but not identical time span.One may hypothesize that at least
prior to large numbers of smolts from hatcheries being released,
quantity of streamflow, reflecting the "quality" of freshwater
habitat, was an important determinant of abundance of coho salmon.
Iadvise caution in using any of these correlations predic-69
tively, since Ihave only shown that streamflows and resulting
catch correlated reasonably well prior to 1963, which is before
large releases of smolts from public hatcheries.Because of the
high percentage of hatchery coho salmon in the fishery in 1977
(Chapter 1), quality of hatchery smolts may now be the important
determinant of number of adult salmon available to the fishery.
The interaction between hatchery and wild fish is largely unknown,
but it is possible that conditions in the estuaries and ocean may
now be important in regulating abundance of wild coho salmon.70
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Appendix Table I.Computer program for calculating lowest
60 consecutive days of flow.
0S3 FORTRANVERSION 3.13
1+001 PROGRAM FLOWING.
0 +002 DIMENSION MTH(501,NSUMFLO(30,185),NOATAFLO(30,185),
0+103 1NFLS(30,155),NFINVAL(100)
44.044--------G4TAtM17,4-,1,2t191.2rIrIvt.t.)
04005C WRITE OUT A HEADER
0+006 WRITE(7.7)
1+007 TFORMAT(ttt,SXSTREAMFLOW CALCULATIONSFOR-1'-
04003 2tC0+10 SALMON STUOY*,.5X9tNOVM9ER 1977t,//)
1+009 C. MAKE A LOOP FOR. THE YEARS 1946 I0..19_79
0+010 00 9 LKT=46,70
349iiC SET UP DAILY COUNTERS
14-01-2------- IX=1.
1+013 IY=10
0+014C HAKE A LOOP FOR THE CARDS AND THE
o4.(115C STREAMPLOW VALUES
9+016 CO 91R=1,19
1+017C DECISION OF 10 OR 11 VALUES -PER CARD
0 +019 IF(MTH(LP).E0.1) GO TO1.0
1+119C ADO ONE DAY TO THE CARO
04-120 ------IY=TY+4
04-021C READ THE DATA OFF OF THE CARDS WITH
0+122C 11 VALUES
0 4-023 REAG(6,1IE INFLSCLKT,LM1,LM=IXIIT)
1+924 11FORMAT(14X,11/61
0 +025 GO TO 12
1+926C REAO THE DATA OFF OF THE CARDS WITH
0+0270 10 VALUES
14-021 111 -READ( 6+13)-f4FLS(L4T,L41 -,L-4=Ix,p0-
0+029 13FORMAT(14X,10I6)
1+033C INCREMENT THE COUNTERS
0+031 12IX=IY+1
0+032 IY=IY4-10
0+033 9CONTINUE_
0+4334C
14035C
To-03E-
14037C
1+031
0+039C
0+040
1+041
0+042
04-143C
1+04,-4-C
START LOOP FOR THE 124 60 -DAY VALUES
FOR EACH SIX-MONTH PERIOD OF EACH YEAR
DO 79-J=1,424- THIS NEXT STEP ALLOWS THE 60-DAY LOOP TO WORK
K=59+J
SET COUNTER FOR °Aar cl.C1+TITALS-Ta' ZERO
NOATFLO=0
START 60-DAY LOOP
00 81 /=J,SUM FLOWS FOR THE RIDER FOR EACH DAY
-----OF-YcAP- LwT
0+045 NSUmFLO(LKT,/)=NDATFLO*NFLS(LKT,I)
1+046C ADDER FOR THE DAILY TOTALS
14-047 NOATFLO=NSUMFLOILKT,I1
1+048C ENO DAILY LOOP
0+049 81CONTINUE
1+050C STORE FLOW TOTALS FOR YEAR LKT IN AN ARRAY
0+051 NOATAFLO(L<T,J)=NOATFLO
0+0520 ENO-LOOP 70R,GETTING-ALL OF THE -60-04 Y.-- ----
1+053C TOTALS FOR YEAR LKT
0+054 79CONTINUE
1+0550 NOW CHOOSE THE SMALLEST VALUE
1+056 NCOMPVAL=NDATAFLO(LKT,21
0 +057C START LOOP FOR COMPARING EACH OF 1?4 60 -DAY
1+051C TO EACH 07H_; IN TEAP LKT
0 4.05 E 00 90 K=1,124
1+-06GC --- 07:0/0E IF ONE VALUE. ISGREATER THA-N--ANOTHER.
0+061 IF(NOATAFLO(LKT,K).LT.NCOMPVAL) GO TO 87
0+062 GO TO 90
0+063C MAKE THE LOWER VALUE THE ONE FOR COmPAPISON
0 +064 87NCOMPVAL=NOATAFLO(LKT,K)
1+065C COMPARE EACH OF THE VALUES 9Y USING A LOOP
14069 90CONTINUE
3+067C STORE THE LOMPST OF TwE ED -CAY VALUES
0+064- C FOR -YEAR LKT IN 4N 1RRA-K
1+069 NFINVAL(LKT)=NCOHIRVAL
1+071C NOW WRITE OUT A HEADER AND ALL OF THE 90 -DAY
0+071C VALUES FO? YEAR LKT
0+072 wRI7P(7,711 LKT
0 +073 79FORHAT(402,//,1X,:60-'JAY VALUES FOR YEAR 19t.I2//1
1+074 wRITE(7,61) IMOATAFLO(LKT,J),J=1,1241
0 +175 61FORMAT(! t,:20)
0 +076C NOW- WRITOUT THE-LOW7ST 61--;141 VA,.UE FO7R YFAR LKT
0+977 wPITE(7,9(11 LKT,NFINVAL(LKT1
1+079 59FORMATtt0t,//,5X,tL0wEST 61-CAY FLOW TOTAL!
0+079 St FOR YEAR 19t.12,10X.I29,//1
1+031C NOW FOR THE NEXT YEAR
0+011 9CONTINUE
0+012 STIP
1+0A3 ENDAppendix Table 2.Oregon commercial
Variable Period
1 January (x-2) through
September (x-2) flows
versus catch 1942-1962
2 July (x-2) through
September (x-2) flows
versus catch 1942-1962
3 March (x-2) through
June (x-2) flows
versus catch 1942-1962
4 November (x-3) flows
versus catch 1942-1962
5 December (x-3) flows
versus catch 1942-1962
6 January (x-2) flows
versus catch 1942-1962
7 February (x-2) flows
versus catch 1942-1962
8 March (x-2) flows
versus catch 1942-1962
9 April (x-2) flows
versus catch 1942-1962
10 May (x-2) flows
versus catch 1942-1962
11 June (x-2) flows
versus catch 1942-1962
12 July (x-2) flows
versus catch 1942-1962
trool catch (pounds) versus flow (cfs).
Correlation
coefficient R2 Linear regression
0.4411*
0.0693
0.1946
0.0048
Catch = 9.1944 x
Catch = 1.6304 x
104
106
+ 4.4676 x 10-1 (flow)
+ 1.0633 (flow)
0.3758 0.1412 Catch = 5.6122 x105+ 7.7321 x 10-1(flow)
0.0837 0.0070 Catch = 1.6585 x106+ 1.8486 x 10-i(flow)
-0.0830 0.0069 Catch = 1.9421 x106- 1.5647 x10-1)flow)
0.2332 0.0544 Catch = 1.3879 x106+ 3.6862 x 10-1(flow)
0.2419 0.0585 Catch = 1.1926 x106+ 5.8034 x 10-1(flow)
0.2579 0.0665 Catch = 1.2443 x106 7.3321 x 10-1(flow)
0.3492 0.1219 Catch = 1.0354 x106+ 1.5615 (flow)
0.0872 0.0076 Catch = 1.6262 x106+ 5.8307 x 10-1(flow)
0.0166 0.0003 Catch = 1.7363 x106+ 3.5786 x 10-1(flow)
0.1975 0.0390 Catch = 1.2372 x106+ 9.5971 (flowAppendix Table 2 continued.
Variable Period
Correlation
coefficient R2 Linear regression
13 August (x-2) flows
versus catch 1942-1962
14 September (x-2) flows
versus catch 1942-1962
15 October (x-2) flows
versus catch 1942-1962
16 November (x-2) flows
versus catch 1942-1962
17 December (x-2) flows
versus catch 1942-1962
18 January (x-1) flows
versus catch 1942-1962
19 February (x-1) flows
versus catch 1942-1962
20 March (x-1) flows
versus catch 1942-1962
21 April (x-I) flows
versus catch 1942-1962
22 May (x-1) flows
versus catch 1942-1962
23 Lowest 60 consecutive
days of flow (x-2)
plus March (x-1)
through May (x-1)
flows versus catch 1942-1962
0.1121 0.0126 Catch = 1.3801 x 106 + 1.1820 x 101 (flow)
-0.0109 0.0001
0.3649 0.1332
0.3995 0.1596
0.2378 0.0565
0.3618 0.1309
o.ocul 0,0372
0.6205a* 0.3850
0.2325 0.0541
-0.1402 0.0197 Catch - 2.0195 x 106 - 9.4606 x 10-1 (flow)
0.3053 Catch = 8.3239 x 104 + 1,5273 x MI (summer flow)
+ 9.3089 x 10-1 (March-May flow)
Catch = 1.7860 x 106
Catch - 1.4548 x 10
6
1.9492 x 10-1
+ 1.5205 (flow)
(flow)
Catch = 1.1674 x106+ 8.7710 x 10-1(flow)
Catch -, 1.3280 x106+ 4.3400 x 10-1(flow)
Catch = 1.1659 x106+ 5.7586 x WI (flow)
Catch =.1.6921 x106+ 8.2765 x 10-2(flow)
Catch = 6.1330 x105+ 1.5373 (flow)
Catch -, 1.2842 x106+ 1.0383 (flow)
24 November (x-3) through December 0.3076 Catch = 3.7268 x 103 + 1;5045 x 10-1 (summer flow)
(x-3) flows plus lowest 60 + 9.3882 x 10-1 (March through May)
consecutive days of flow (x-2) plus 4.9642 x 10-2 (Nov.-Dec. flow)
March (x-1) through May (x-I0 flows
versus catch 1942-1962Appendix Table 2 continued
Variable Period
25 November (x-3) through
December (x-3) flows plus
lowest 60 consecutive days of
summer flow (x-2) versus
catch 1942-1962
26 Lowest 60 consecutive
days of flow versus
catch 1947-1962
27 January (x-2) through
December (x-2) flows
versus catch 1947-1962
28 November (x-3) through
May (x-1) flows
versus catch 1947-1959
29 Lowest 30 conseutive days
of flow versus numbers
caught in Oregon troll fishery
1952-1962
30 Lowest 60 consecutive days
of flow versus numbers
caught in Oregon troll fishery
1952-1962
31 Lowest 60 consecutive days
of flows (x-2) versus catch
1963-1972
32 November (x-3) through
May (x-1) flows versus lowest
60
Correlation
coefficient R2 Linear regression
0.0800 Catch = 8.9368 x 105 + 2.8354 x 101
(summer flow) + 6.8968 x 10-4
(November-December flow)
0.2965 0.0879 Catch = 1.0965 x106 + 2.7753 x 101 (flow)
0.4581 0.2099 Catch = 2.1362 x 105 + 3.5895 x 10-1 (flow)
0.6797:.* 0.4620 Catch = -4.6559 x 106 + 5.6763 x 10-1 (flow)
0.5285 0.2793 Catch = 6.5065 x 104 + 1.7980 x 101 (flow)
0.0637 0.0041 Catch = 7.4622 x 105 + 4.7928 (flow)
0.1824 0.0333 Catch = 6.6470 x 105 + 4.7608 (flow)
0.0397 0.0016 Summer flow = 2.7494 x 104 + 3.6957 x10-4 (total flow)
consecutive days of flow
---1
(x-2) 1940-1960Appendix Table 2 continued.
Variable Period
Correlation
coefficient R
2 Linear regression
33 January (x-2) through 0.1478 0.0218 Summer flow = 2.4252 x 104 + 1.24030 x 10-3 (annual)
December (x-2) flows versus
lowest 60 consecutive days
of flow 1940-1960
34 January (x-2) through -0.0135 0.0002 June-September flows = 2.5573 x 1058.8636 x 10-4 (annual)
December (x-2) flows versus
June (x-2) through
September (x-2) flows
1940-1960
35 Lowest 60 consecutive days
of flow (x-2) versus catch
0.5980 0.3576 Catch5.7899 x 104 + 7.6124 (flow)
1952-1962
36 Lowest 60 consecutive days
of flow (x-2) versus
0.2003 0.0401 Summer flow = 2.3389 x 104 + 1.3504 x 10-3 (annual)
January (x-2) through
December (x-2) flows
1940-1960
37 November (x-3) through 0.5614 0.3152 Catch = 4.7014 x 105 + 6.4547 x 10-2 (flow)
May (x-1) flows versus
catch 1952-1962
38 October (x-3) versus
numbers caught 1952-1962
-0.2341 0.0548
39 November (x-3) flows
numbers caught 1952-1962
0.1072 0.0115
40 December (x-3) flows
versus numbers caught
-0.2669 0.0712
1952-1962 00
41 January (x-2) flows versus
numbers caught 1952-1962
-0.0041 0.0000Appendix Table 2 continued.
Variable Period
Correlation
coefficient R Linear regression
42 February (x-2) flow versus
number caught 1952-1962
-0.0946 0.0089
43 March (x-2) flow versus
number caught 1952-1962
-0.0474 0.0022
44 April (x-2) flow versus
number caught 1952-1962
0.4085 0.1669 Catch = 1.3739 x 105 + 2.9118 x 10-1(flow)
45 May (x-2) flow versus
number caught 1952-1962
0.1425 0.0203
46 June (x-2) flow versus
number caught 1952-1962
0.2103 0.0442
47 July (x-2) flow versus
number caught 1952-1962
0.6391* 0.4084 Catch = 1.1614 x 104 + 5.1946 (flow)
48 August (x-2) flow versus
number caught 1952-1962
0.4056 0.1645 Catch = 9.5393 x 104 + 5.9947 (flow)
49 September (x-2) flow versus
number caught 1952-1962
0.2389 0.0570 Catch = 2.6480 x 105 + 6.0731 x 10-1(flow)
50 October (x-3) versus
number caught 1967-1975
0.7352* 0.5405 Catch = 6.4173 x 105 + 1.9557 (flow)
51 November (x-3) versus
number caught 1967-1975
0.7575* 0.5738 Catch = 4.8093 x 105 + 8.5586 x 10-1(flow)
52 December (x-3) flow versus
number caught 1967-1975
0.3013 0.0908
53 January (x-2) flow versus
number caught 1967-1975
-0.1156 0.0134
54 February (x-2) flow versus 0.5581 0.3115 Catch = 5.3771 x 105 + 5.0863 x 10-1(flow)
number caught 1967-1975Appendix Table 2 continued.
Variable Period
55 March (x-2) flow versus
number caught 1967-1975
56 April (x-2) flow versus
number caught 1967-1975
57 May (x-2) flow versus
number caught 1967-1975
58 June (x-2) flow versus
number caught 1967-1975
59 July (x-2) flow versus
number caught 1967-1975
60 August (x-2) flow versus
number caught 1967-1975
61 September (x-2) flow, versus
number caught 1967-1975
Correlation
coefficient R2
-0.0010 0.0000
0.1133 0.0128
0.2684 0.0720
0.2367 0.0560
0.4503 0.2028
0.2376 0.0565
0.1568 0.0246
Linear regressionAppendix Table 3.Commercial gill net catch (pounds) in the Wilson River Tillamook Bay versus flow (cfs).
Correlation
Variable Period coefficient R2 Linear regression
1 January (x-2) flow versus 0.4581
catch 1934-1946
2 February (x-2) flow versus 0.1196
catch 1934-1946
3 March (x-2) flow versus 0.7529**
catch 1934-1946
4 April (x-2) flow versus 0.4518
catch 1934-1946
5 May (x-2) flow versus 0.5256
catch 1934-1946
6 June (x-2) flow versus 0.5306
catch 1934-1946
7 July (x-2) flow versus 0.4084
catch 1934-1946
8 August (x-2) flow versus 0.4086
catch 1934-1946
9 September (x-2) flow versus -0.1012
catch 1934-1946
10 October (x-2) flow versus 0.1685
catch 1934-1946
11 November (x-2) flow versus 0.1401
catch 1934-1946
12 December (x-2) flow versus 0.6269^
catch 1934-1946
0.2099
0.0143
Catch = 1.6737 x 105 + 1.3507 (flow)
Catch - 3.0172 x 105 + 5.1314 x 10-1 (flow)
0.5669 Catch = 1.2994 x104 + 3.1122 (flow)
0.2041 Catch = 1.9533 x105 + 2.3646 (flow)
0.2763 Catch = 1.4715 x105 + 5.2436 (flow)
0.2815 Catch = 1.8649 x105 + 7.8461 (flow)
0.1668 Catch = 1.4812 x105 + 1.9191 x 10-1(flow)
0.1670 Catch =, 4.0609 x104 + 4.6456 x 101(flow)
0.0102 Catch = 3.7546 x105 1.6534 (flow)
0.0284 Catch = 3.2877 x105 + 9.3798x10-1(flow)
0.0196 Catch = 3.2285 x105 + 3.5005 x 10-1(flow)
0.3930 Catch = 1.6917 x105 + 1.0782 (flow)Appendix Table 3 continued.
Variable Period
Correlation
coefficient R2 Linear regression
13 January (x-1) flow versus
catch 1934-1946
0.5578 0.3111 Catch 1.2779 x 105 + 1.6583 (flow)
14 February (x-I) flow versus
catch 1934-1946
-0.3334 0.1111 Catch = 5.1613 x 105 - 1.4118 (flow)
15 March (x-1) flow versus
catch 1934-1946
0.4594 0.2110 Catch = 1.1998 x 105 + 2.2263 (flow)
16 April (x -l) flow versus
catch 1934-1946
0.3110 0.0967 Catch- .. 2.4433 x 105 + 1.7014 (flow)
17 May (x-1) flow versus
catch 1934-1946
0.2879 0.0828 Catch - 2.3578 x 105 + 2.8857 (flow)
18 June (x-1) flow versus
catch 1934-1946
0.1911 0.0365 Catch -, 2.9409 x 105 + 2.8909 (flow)
19 July (x-2) through 0.1760 0.0310 Catch = 3.0762 x 105 + 8.5128 x101 (flow)
October (x-2) flow versus
catch 1934-1946
20 July (x-2) through 0.4963 0.2463 Catch = 1.7673 x 105 + 5.3915 x10-1 (flow)
December (x-2) flow versus
catch 1934-1946
21 March (x-2) through 0.7805** 0.6092 Catch =, 5.9384 x104 + 1.8967 (flow)
May (x-2) flow versus
catch 1934-1946
22 January (x-2) through 0.8200** 0.6724 Catch - -2.7132 x 105 + 1.3332 (flow)
May (x-2) flow versus
catch 1934-1946
23 January (x-2) through 0.8562** 0.7331 Catch-3.1219 x 105 + 1.3567 (flow)
June (x-2) flow versus
catch 1934-1946Appendix Table 3 continued.
Variable Period
24 January (x-2) through
July (x-2) flow versus
catch 1934-1946
25 January (x-2) through
August (x-2) flow versus
catch 1934-1946
26 January (x-2) through
September flow versus
catch 1934-1946
27 January (x-2) through
October (x-2) flow versus
catch 1934-1946
28 January (x-2) through
November (x-2) flow versus
catch 1934-1946
29 January (x-2) through
December (x-2) flow versus
catch 1934-1946
30 January (x-2) through
April (x-2) flow versus
catch 1935-1946
31 March (x-1) through
May (x-1) flow versus
catch 1934-1946
32 February (x-1) through
April (x-1) flow versus
catch 1934-1946
Correlation
coefficient R2 Linear regression
0.8648** 0.7479 Catch = -3.2982 x 105 + 1.3622 (flow)
0.8681** 0.7536 Catch-3.3990 x 105 + l.3637 (flow)
0.8759** 0.7672 Catch-3.7508 x 105 + 1.4042 (flow)
0.8632** 0.7451 Catch - -3.5744 x 105 + 1.2921 (flow)
0.7809** 0.6098 Catch = -2.7363 x 105 + 9.6381 x 10-1 (flow)
0.7982** 0.6371 Catch - -1.7268 x 105 + 6.3886 x 10-1 (flow)
0.8666** 0.7510 Catch = -3.9164 x 105 + 5.9702 x 10-i (flow)
0.4673 0.2184 Catch9.6116 x 104 + 1.2105 (flow)
0.1532 0.0235 Catch = 2.6642 x 105 + 3.2199 x 10-1 (flow)Appendix Table 3 continued.
Correlation
Variable Period coefficient R2 Linear regression
33 January (x-1) through 0.4303 0.1852 Catch - 3.3130 x 10
4+ 9.0902 x 10-1 (flow)
March (x-1) flow versus
catch 1934-1946
34 January (x-1) through 0.4931 0.2431 Catch = -3.8163 x 104 + 9.3327 x 10-1 (flow)
April (x-1) flow versus
catch 1934-1946
35 January (x-1) through 0.3239 0.1049 Catch1.1697 x 105 + 9.6302 x 10-1 (flow)
February (x-1) flow versus
catch 1934-1946
36 January (x-1) through 0.4960 0.2459 Catch = -3.9082 x 104 + 8.5036 x 10-1 (flow)
May (x-I) flow versus
catch 1934-1946
37 January (x-1) through 0.4023 Catch m -4.2012 x 105 + 9.3312 x 10-1 (Jan.-May)
May (x-1) plus lowest + 5.7515 x 101 (summer flow)
60 consecutive days of
flow (x-2) versus catch
1934-1946
38 March (x-1) through 0.3603 Catch = -2.4858 x 105 + 1.3004 (March-May)
May (x-1) flow plus lowest + 5.4637 x 101 (summer flow)
60 consecutive days of flow
versus catch 1934-1946
39 January (x-I) through _ 0.3840 Catch = -3.8756 x 105 +5.4397 x 101 (summer flow)
April (x-1) flow plus lowest f 9.9353 x 10-1 (January-April)
60 consecutive days of flow
(x-2) versus catch 1934-1946
40 January (x-1) through 0.4023 Catch = -4.2012 x 105 + 9.3312 x 101 (January-May)
May (x-1) flow plus lowest + 5.7515 x 101 (summer flow) 03
60 consecutive days of flow
(x-2) versus catch 1934-1946Appendix Table 3 continued.
Variable Period
Correlation
coefficient R2
41 November (x-3) through
December (x-3) flow versus
catch 1934-1946
42 November (x-3) through
December (x-3) flow plus lowest
60 consecutive days of flow
versus catch 1934-1946
43 December (x-3) flow versus
catch 1934-1946
44 December (x-3) through
January (x-2) flow versus
catch 1934-1946
45 November (x-3) through
December (x-3) flow versus
catch 1934-1946
46 December (x-3) flow plus
lowest 60 consecutive days
of summer flow versus catch
1934-1946
47 December (x-3) through
January (x-2) flow plus lowest
60 consecutive days of flow
versus catch 1934-1946
48 December (x-3) through
January (x-2) flow plus lowest
60 consecutive days of flow (x-2)
plus January (x-1) through
May (x-1) flow versus catch
1934-1946
Linear regression
0.2485 0.0617 Catch = 2.5918 x 105 + 3.4006 x 10-1 (flow)
0.1855 Catch5.4539 x 104 + 5.0943 x 101 (summer flow)
+ 3.7601 x 10-1 (November-December)
0.1198 0.0144 Catch3.1901 x 105 + 2.1664 x 10-1 (flow)
0.3216 0.1034 Catch2.1861 x 105 + 4.3621 x 10-1 (flow)
0.2485 0.0618 Catch2.5918 x 105 + 3.4006 x 10-1 (flow)
0.1238 Catch = 3.5855 x 104 + 4.7789 x 101 (summer flow)
+ 2.0955 x 10-1 (December)
0.2190 Catch = -7.7208 x 104 + 4.9112 x 101 (summer flow)
+ 4.4711 x 10-1 (December-January)
0.4689 Catch-5.0633 x 105 + 8.7166 x 10-1 (January-May)
+ 5.7777 x 101 (summer flow) + 3.5363 x 10-1
(December-January)Appendix Table 3 continued.
Variable Period
Correlation
coefficient R
2 Linear regression
49 November (x-3) through
December (x-2) flow plus lowest
60 consecutive days of flow (x-2)
plus January (x-1) through
May (X-1) flow versus catch
1934-1946
50 December (x-3) through
January (x-2) flow plus lowest
60 consecutive days of flow (x-2)
plus January (x-1) through April
(x-I) flow versus catch 1934-1946
51 November (x-3) through December
(x-3) flow plus lowest 60
consecutive days of flow (x-2) plus
January (x-1) through April (x-1)
flow 1934-1946
52 Residuals of linear equation
relating total January (x-2)
through May (x-1) flows and pounds
of salmon caught in year x versus
number of driftnet and set net
licenses issued for Tillamook
Bay 1934-1946
53 Residuals of linear equation
total January (x-2) through May
(x-1) flows and pounds of coho
salmon in year x versus number
of driftnet licenses issued for
Tillamook Bay 1934-1946
0,1635
0.0476
54 Residuals of linear equation -0.2358
relating total January (x-2)
through May (x-1) flows and
pounds of coho salmon caught in
year x versus number of set net
licenses issued for Tillamook
Bay 1934-1946
0.4673 Catch = -5.3048 x 105 + 9.1749 x 101 (January-May)
+ 6.0108 x 101 (summer flow + 3.5015 x10-1
(November-December).
0.4397 Catch = -4.5745 x 105 + 5.4667 x101 (summer flow)
+ 3.2593 x 10 (December-January)
+ 9.0831 x 10-1 (January-April)
0.4324 Catch = -4.6991 x 105 +_5.6499 x 101 (summer flow)
+ 3.0370 x 10 (November-December)
+ 9.4921 x 10-1 (January-April)
0.0267
0.0023
0.0556
co
o.Appendix Table 3 continued.
Variable Period
Correlation
coefficient R2 Linear regression
55 January (x-2) through
December (x-2) flow versus
deviations from the trend line of
commercial cathp 1934 to 1946
0.3463 0.1199
56 January (x-2) through 0.5508** 0.3034
December (x-2) flow versus
deviations from the trend line
of commercial catch 1934 to 1956
57 Relation between total January 0.4006 0.1605
(x-2) through December (x-2)
flows and lowest 60 consecutive
days 1934 to 1954
58 Lowest 60 consecutive days of flow 0.2783 0.0775
(x-2) versus deviations from the
trend line of commercial catch
1934 to 1956
59 Lowest 60 consecutive days of
flow (x-2) versus deviations from
the trend line of commercial catch
0.3241 0.1050
1934 to 1946
60 December (x-2) through 0.7380* 0.5446 Catch = 5.6242 x 104 + 9.6969 x 10-1 (flow)
January (x-1) flow versus catch
1934-1946
61 November (x-2) through 0.5327 0.2838 Catch =, 1.6495 x 105 + 6.9031 x 10-1 (flow)
December (x-2) flow versus
catch 1934-1946
62 January (x-2) through 0.7215** 0.5206 Catch - -1.5886 x 105 + 1.4247 (flow)
March (x-2) flow versus
catch 1934-1946Appendix Table 3 continued.
Variable Period
63 January (x-2) through
February (x-2) flow versus
catch 1934-1946
64 January (x-2) through
April (x-2) flow versus
catch1934-1946
65 July (x-2) through
September (x-2) flow versus
catch 1934-1946
66 August (x-2) through
September (x-2) flow versus
catch 1934-1946
67 September (x-2) through
October (x-2) flow versus
catch 1934-1946
68 Lowest 60 consecutive days of
flow (x-2) versus catch 1934
to 1956
69 November (x-3) through
May (x-1) flow versus catch
1934-1946
70 Residuals of linear equation
relating total November (x-3)
through May (x-1) flow and
Correlation
coefficient R2 Linear regression
0.5383
0.7805"
0.2898
0.6092
Catch = -4.0189 x
Catch = -2.2425 x
104
105
+ 1.5814 (flow)
+ 1.3486 (flow)
0.0886 0.0078 Catch = 3.2230 x105+ 1.2884 (flow)
-0.0410 0.0017 Catch = 3.6957 x105- 6.4832 x 10-1(flow)
0.1161 0.0135 Catch = 3.3500 x105+ 5.5983 x 10-1(flow)
0.0985 0.0097 Catch = 1.8768 x105+ 1.1748 x 101(flow)
0.8169A* 0.6673 Catch = -3.6465 x105+ 4.5453 x 10-1 (flow)
0.1522 0.0232
pounds of coho salmon caught in
co Tillamook Bay in year x versus co
number of driftnet and set net
licenses issued for Tillamook
Bay 1934-1946Appendix Table 3 continued.
Correlation
Variable Period coefficient R2 Linear regression
71 Residuals of linear equation
relating total November (x-3)
thrugh May (x-1) flows and pounds
of coho salmon caught in Tillamook
Bay in year x versus number of set
net licenses issued for Tillamook
Bay 1934-1946
0.2963 0.0878
72 Residuals of linear equation 0.3339 0.1115
relating total November (x-3)
through May (x-1) flows and pounds
of coho salmon caught in Tillamook
Bay in year x versus number of
driftnet licenses issued for
Tillamook Bay 1934-1946
73 Residuals of January (x-2) through0.1107 0.0122
September (x-2) flows and catch
versus number of set net licenses
issued for Tillamook Bay 1934-1946
74 Residuals of January (x-2) through0.2237 0.0500
September (x-2) flows and catch
versus number of driftnet and set
net licenses issued for Tillamook
Bay 1934-1946
75 Residuals of January (x-2) through0.4017 0.1614
September (x-2) flows and catch
versus number of driftnet licenses
issued for Tillamook Bay 1934-1946
76 Residuals of January (x-2) through -0.0667 0.0044
December (x-2) flow and catch
versus number of driftnet licenses
issued for Tillamook Bay 1934-1946Appendix Table 3 continued.
Variable Period
Correlation
coefficient Linear regression
77 Residuals of January (x-2)
through December (x-2) flow
and catch versus number of set net
licenses issued for Tillamook Bay
1934-1946
78 Residuals of January (x-2)
through December (x-2) flow
and catch versus number of driftnet
and set net licenses issued for
Tillamook Bay 1934-1946
79 December (x-3) flow plus lowest
60 consecutive days of flow plus
March (x-1) through May (x-1) flow
versus catch 1934-1946
80 December (x-3) through
January (x-2) flow plus lowest
60 consecutive days of flow plus
March (x-1) through May (x-1) flow
versus catch 1934-1946
81 December (x-3) through
January (x-2) flow plus March
(x-I) through May (x-1)
flow versus catch 1934-1946
82 November (x-3) through
December (x-3) flow plus March (x-1)
through May (x-1) flow versus
catch 1934-1946
83 December (x-3) flow plus
March (x-1) through May (x-1)
flow versus catch 1934-1946
-0.4507
-0.3209
0.2031
0.1030
0.4193 Catch u -3.6715 x 105 + 5.5009 x 101 (summer flow)
+ 4.5278 x 10-1 (December) + 1.4567
(March-May)
0.4741 Catch = -4.0567 x 105 + 5.5859 x 101 (summer flow)
+ 4.5789 x 10-1 (December-January)
+ 1.3142 (March-May)
0.3258 Catch = -4.9005 x 10
4+ 4.4484 x 10-i (December-January)
+ 1.2220 (March-May)
0.3929 Catch =. -1.5810 x 105 + 6.0270 x 10-1 (November-December)
+ 1.5715 (March-May)
0.2754 Catch a -1.8199 x 10
4
+ 4.4533 x 10-1 (December)
+ 1.3637 (March-May)Appendix Table 3 continued.
Variable Period
Correlation
coefficient 112 Linear regression
84 Peak flows from fall (x-2)
to spring (x-1) versus
catch 1934-1946
0.3735 0.1395
1
Catch - 1.0501 x 105+ 1.4302 x101 (flow)
85 January (x-2) through 0.4542 0.2063 (June-September) - 1.4229 x104 + 4.3019 x 10-2 (annual)
December (x-2) flow versus
June (x-2) through September
(x-2) flow 1932-1944
86 Lowest 60 consecutive days 0.4952 0.2452 (summer flow) 3.6705 x 103 + 2.7444 x 10-3 (annual)
of flow (x-2) versus
annual (x-2) flow 1932-1944
43Appendix Table 4.Commercial gill net catch (pounds) in the Siletz River versusflow (cfs).
Correlation
Variable Period coefficient R2 Linear regression
1 January (x-2) through 0.4901 0.2402 Catch = -5.2406 E + 03 + 8.5675E 02 (flow)
May (x-1) flows versus
catch 1927 to 1940
2 January (x-I) through -0.0206 0.0000 Catch = 1.5581E + 05 - 9.5652E - 03 (flow)
May (x-1) flows versus
catch 1927 to 1940
3 January (x-1) through 0.0347 0.0012 Catch = 1.3793E + 05 + 1.9048f - 02(flow)
April (x-1) flows versus
catch 1927 to 1940
4 March (x-1) through 0.0866 0.0075 Catch = 1.3520E + 05 + 4.6311 E-02(flow)
May (x-I) flows versus
catch 1927-1940
5 December (x-3) flows -0.0275 0.0008 Catch = 1,.52691 + 05 - 1.5423 E-02(flow)
versus catch 1927-1940
6 December (x-3) flows plus 0.3508 Catch = 1.1900E + 04 + 3.58281-02 +1.9460E + 01
lowest 60 consecutive days of
summer (x-2) flow versus catch
1927-1940
7 Lowest 60 consecutive days 0.5890* 0.3469 Catch = 2.1399E + 04 + 1.9144E + 01(flow)
of flow (x-2) versus catch
1927-1940
Peak flows from winter (x-2) 0.5663* 0.3207
through spring (x-1) versus
catch 1927-1940
8 December (x-3) plus lowest 0.3510 Catch = 9.8124E + 03 + 3.81451 02 (December)
60 consecutive days of summer
+ 1.9417E + 01 (60-day) +6.1267E - 03
(x-2) flows plus March through (March-May)
May (flow)Appendix Table 4 continued.
Variable
9
Period
December (x-3) flows plus
lowest 60 consecutive days of
flow (x-2) plus January (x-l)
through May (x-1) flows versus catch
1927 to 1940
10 January (x-2) through
December (x-2) flow versus
catch 1927-1940
11 January (x-2) through
September (x-2) flow versus
catch 1927-1940
12 January (x-2) through
October (x-2) flow versus
catch 1927-1940
13 January (x-2) through
November (x-2) flow versus
catch 1927-1940
14 January (x-2) through
August (x-2) flow versus
catch 1927-1940
15 January (x-2) through
July (x-2) flow versus
catch 1927-1940
16 January (x-2) through
June (x-2) flow versus
catch 1927-1940
17 January (x-2) 'through
May (x-2) flow versus
catch 1927-1940
Correlation
coefficient R2 Linear regression
0.4000 Catch = 8.6069E 04 + 2.1712E 01 -1.8640E-02
-1.1857E-01 (January-May)
0.5780' 0.3340 Catch =.1.4810E + 04 + 1.1731E -01 (flow)
0.5046 0.2546 Catch - -6.8487E + 03 + 2.1066E 01(flow)
0.6911** 0.4776 Catch - 6.7828E + 04 + 2.7294E 01(flow)
0.5988* 0.3585 Catch-I.2026E + 04 + 1.7091E 01 (flow)
0.4475 0.2003 Catch = 1.1137E + 04 + 1.8957E 01 (flow)
0.4418 0.1952 Catch = 1.4432E + 04 + 1.8696E - 01(flow)
0.4331 0.1876 Catch = 1.8780E + 04 + 1.8421E - 01(flow)
0.3583 0.1284 Catch3.7717E + 04 + 1.6464E 01 (flow)
(December)Appendix Table 4 continued.
Variable Period
18 January (x-2) flow
versus catch 1927-1940
19 February (x-2) flow
versus catch 1927-1940
20 March (x-2) flow
versus catch 197-1940
21 April (x-2) flow
versus catch 1927-1940
22 May (x-2) flow
versus catch 1927-1940
23 June (x-2) flow
versus catch 1927-1940
24 July (x-2) flow
versus catch 1927-1940
25 August (x-2) flow
versus catch 1927-1940
26 September (x-2) flow
versus catch 1927-1940
27 October (x-2) flow
versus catch 1927-1940
28 November (x-2) flow
versus catch 1927-1940
29 December (x-2) flow
versus catch 1927-1940
Correlation
coefficient 82 Linear regression
0.0083 0.0001 Catch - 1.4834E + 05 + 5.5868E03 (flow)
0.6596* 0.4351 Catch - 7.3598E + Oh + 4.8342E - 01 (flow)
-0.2724 0.0742 Catch = 1.8630E + 05 - 2.3971E 01 (flow)
-0.2723 0.0741 Catch = 1.7807E + 05 - 2.7135E 01 (flow)
0.7978** 0.6365 Catch = 7.5687E + 04 + 1.4138E + 00 (flow)
0.6129'' 0.3756 Catch =. 1.0065E + 05 + 1.5737E + 00 (flow)
0.3056 0.0934 Catch = 1.0266E + 05 + 3.6550E + 00 (flow)
0.3732 0.1393 Catch = 6.4379E + 04 + 1.1474E + 01 (flow)
0.7475" 0.5737 Catch = 1.0326E + 05 + 3.7596E + 00 (flow)
0.4902 0.2403 Catch = 1.2551E + 05 + 4.4416E 01 (flow)
0.1808 0.0327 Catch = 1.3553E + 05 + 9.3928E 02 (flow)
0.4145 0.1718 Catch = 1.0298E + 05 + 2.2906E 01 (flow)Appendix Table 4 continued.
Variable Period
30 July (x-2) through
October (x-2) flows
versus catch 1927-1940
31 March (x-2) through
May (x-2) flows versus
catch 1927-1940
32 January (x-2) through
February (x-2) flows
versus catch 1927-1940
33 June (x-2) through
December (x-2) flows
versus catch 1927-1940
34 November (x-2) through
December (x-2) flows
versus catch 1927-1940
35 December (x-3) through
January (x-2) flows
versus catch 1927-1940
36 December (x-3) through
January (x-2) flows plus
lowest 60 consecutive days
of summer flow versus catch
1927-1940
37 December (x-3) through
Correlation
coefficient R
2 Linear regression
0.5668 0.3213 Catch = 1.1147E + 05 + 4.39391 01 (flow)
-0.0724 0.0052 Catch = 1.6180E + 05 3.9503102 (flow)
0.4743 0.2250 Catch = 5.8852E + 04 + 2.4652E 01 (flow)
0.4926 0.2427 Catch - 9.4405E + 04 + 1,1731 01 (flow)
0.3564 0.1270 Catch = 1.08781 + 05 + 1.1571E 01 (flow)
0.0002 0.0000 Catch = 1.5183E + 05 - 5.5502E 03 (flow)
0.3785 Catch = -2.1712E + 04 + 7.29931 -02 (December-January)
+ 2.1039E + 01 (60-clay)
0.3803 Catch = -3.0402E + 04 + 2.3378E02 (March-May)
January (x-2) flows plus + 7.8187E - 02 (December-January)
lowest 60 consecutive days of + 2.0935E + 01 (60 -day)
flow (x-2) plus March (x-1)
through May (x-1) flows versus
catch 1927-1940Appendix Table 4 continued.
Variable Period
Correlation
coefficient R2 Linear regression
38 December (x-3) flows
versus catch 1927-1940
39 December (x-3) flows plus
lowest 60 consecutive days of
summer flow versus catch
1927-1940
40 December (x-3) flows plus
lowest 60 consecutive days of
summer flow (x-2) plus March (x-1)
through May (x-1) flows versus catch
1927-1940
0.0265 0.0007
41 Lowest 60 consecutive days of summer
flow plus March (x-1) through May (x-1)
flows versus catch 1927-1940
42 December (x-3) plus March (x-1)
through May (x-1) flows versus
catch 1927-1940
43 December (x-3) through January (x-2)
flows plus March (x -l) through May (x-1)
flows versus catch 1927-1940
44 January (x-2) through December (x-2)0.6302
flows versus June (x-2) through
September (x-2) flows 1925-1938
45 January (x-2) through December (x-2)0.6040*
flows versus lowest 60 consecutive
days of flow (x-2) 1925-1938
0.3509
0.3510
Catch =1.5269E+ 05 1.5423E 02(December)
Catch 1.1900E+ 04+ 3.5828E- 02(December)
+ 1.9460E + 01 (60-day)
Catch = 9.8124E + 03 + 3.8145E 02 (December)
+ 6.1267E03 (March-May)
+ 1.9417E + 01 (60-day)
0.3470 Catch - 2.3091E + 047.0333E - 03 (March-May)
+ 1.9216E t 01 (60 -day)
0.0075 Catch - 1.3411E + 05 + 3.4256E 03 (December)
+ 4.7543 + 02 (March-May)
0.0077 Catch m.1.3177E + 05 + 4.9091E 02 (March-May)
+ 6.1777E03 (December-January)
0.3972 (June-September) -1.8446 x 10-4 + 7.1444 x 10-2 (January-
December)
0.3648 Summer = 2.3616 x 103 + 3.7713 x 10-3 (January-December)Appendix Table 5.Commercial gill net catch (pounds) in the Umpqua River versus flows (cfs).
Variable Period
1 Lowest 60 consecutive days
of flow versus catch 1925-1940
2 Peak discharge (x-1) versus
catch 1925-1940
3 November (x-3) through
December (x-3) flows
versus catch 1925-1940
4 January (x-2) through
December (x-2) flows versus
catch 1925-1940
5 March (x-1) through
May (x-1) flows versus
catch 1925-1940
6 November (x-2) through
May (x-I) flows versus
catch 1925-1940
7 July (x-2) through
October (x-2) flows versus
catch 1925-1940
8 January (x-2) through
December (x-2) flows versus
lowest 60 consecutive days of
flow (x-2) 1923-1938
9 January (x-2) through
December (x-2) flows versus
(x-2)
Correlation
coefficient R2 Linear regression
0.1705 0.0291 Catch3.7200 x 105 + 6.7664 (flow)
-0.4327 0.1872 Catch ...1.1285 x 1064.5212 (flow)
0.247 0.0006 Catch = 7.3909 x 105 + 1.5298 x 10-2 (flow)
-0.2775 0.0770 Catch = 1.1759 x 1069.3076 x 10-2 (flow)
-0.6703** 0.4493 Catch ..
-0.6380 0.4070 Catch = 1.3665 x 106 - 1.5215 x 10-1 (flow)
0.1211 0.0147 Catch .. 4.9482 x 105 + 8.9285 x 10-1 (flow)
0.7098** 0.5038 Summer flow = 2.9850 x 104 + 6.0042 x 10-3 (annual)
0.62571; 0.3915 (June-September) - -4.7621 x 103 + 9.0575 x 10-2 (annual)
June through ko
September (x-2) flows
-,
1923-1938Appendix Table 5 continued.
Correlation
Variable Period coefficient R2 Linear regression
10 Lowest 60 consecutive days 0.1893 Catch = 1.2697 x 106 + 4.7923 (negative of peak
of summer flow (x-2) plus negative flow) 2.1090 (flow)
of peak flows versus catch 1925-1940Appendix Table 6.Commercial gillnet catch (pounds) in the Coquille River versus flows (cfs).
Variable Period
Correlation
coefficient R2 Linear regression
1 January (x-2) through
December (x-2) flows versus
deviations from the trend line
of catch 1934-1946
0.1953 0.0381
2 January (x-2) through 0.2417 0.0584
July (x-2) flows versus
deviations from the trend
line of catch 1934-1946
3 November (x-3) through -0.4173 0.1741 Catch = 3.2674 x 1055.6491 x 10-1(flow)
December (x-3) flows versus
catch 1934-1946
January (x-2) through 0.2168 0.0470 Catch = 1.2092 x 105 + 2.1565 x 10-1(flow)
December (x-2) flows versus
catch 1934-1946
5 Residuals of linear equation
relating total January (x-2)
through December (x-2) flows
versus number of driftnet and
set net licenses issued
0.4354 0.1896
1934-1946
6 Residuals of linear equation
relating total January (x-2)
through December (x-2) flows
and catch versus 'number of
set net licenses issued
0.2768 0.0766
1934-1946
7 Peak flows (x-2) and (x-1) versus
catch 1934-1946
0.7208** 0.5195 Catch = -4.1996 x 104 + 1.9159 x 101(flow)
8 Total July (x-2) through -0.3502 0.1226
October (x-2) flows versus
catch 1934-1946Appendix fable 6 continued.
Variable Period
Correlation
coefficient R
2 Linear regression
9
10
June (x-2) through
September (x-2) flows
versus January (x-2) through
December (x-2) flows 1932-1944
Lowest 60 consecutive days of
flow (x-2) versus January
0.4371
0.4088
0.1911
0.1671
(June-September) - -3.9292 x 103 + 4.7316 x10-2 (annual)
(summer flow) - 5.6103 x 102 + 2.0012 x10-3 (annual)
(x-2) through December (x-2)
flows 1932-1944